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COLUMBIAN SERIES OF ARITHMETICS. 



Onr own Coimtry — Our own Carxenoy— and oar own Books. 



The attention of Teachors, School Directors, Parents, Merchants, and the public gene- 
rally, is called to a series of Arithmetics, prepared with great care by Mr. Almon Ticknor, 
a teacher of upwards of twenty-five years' experience. They are called 

The Golnotbian Calcnlator, 

Hie Tonth's Colnmlnaji Gaknlator. 

Compete Keys to both Works. 

lliese books are purely Amerioan in their character— based on our beautiful IXedmal 
System of Currency, and hare reoeiTed the approTal of upwards of ^ve hundred teachen 
and professors in different sections of the United States ; a greater array of recommend- 
ations than any works of the kind have ever received in this or any other country. 
These books have also had a greater run than any heretofore issued, for the time they 
have been before the public, whi^ speaks volumes in their favour. They are also the 
efteapetf books in the market for the quantity of matter they contain, and only require a 
tbdtough examination to secure their unitoersaUxTUroduction into the Schools and Acade- 
mies of the country. Among those who recommend these books as the best works on 
Arithmetic, will be found 

Hon. THOMAS H. BUfiROWES, the Father of the Ck)mnion School System of Penn- 
sylvania. 

Hon. JESSE MILLER, Superintendent of Oommon Schools of Pennsylvania. 

FREDERICK J. FBNN, Esq., Chief Clerk of the Common Sdiool Department of Penn- 
sylvania. 

W. S. W. RUSCHBNBERGER, U. S. Navy. 

Profiassor W. MCCARTNEY, of Lafayette College. 

Professor YEOMANS, of Lafayette College. 

Professor M. L. STOEYER, of Penn. College, Gettjrsburg. 

Professor ANDREW WYLIE, of Indiana University. 

The President of the University of Michigan. 

Mr. JOHN BECK, Principal of Litis Academy, Lancaster County. 

The ibUowing resdntion was unanimously adopted by the Teachers of the City <tf 
Reading: — 

" ReKivedf That in our opinion, it is the best system in use, and should be speedily in« 
troduced into all the Schools in the United States, both publip and select, as the general 
text-books in Arithmetic." 

As fitf M these works are known, they have received universal approbation. 



HCKNOB'S COLITMBUH SFELLIHG BOOK, 

Being a Progressive and Comprehensive System of Orthography and Orthoepy, includ- 
ing a variety of definitions, adapted to the use of Schools in the American Republic, by 
Almon Ticknor, a Teacher of twenty-five years' experience, and author of the Columbian 
and Youth's Columbian Calculators, Practical Common School Mensuration, Ac 

This new Spelling Bftok, which is just published, conforms to the modem usages and 
changes in Orthography, and is one of the neatest, cheapest, best arranged, and better 
adapted to the wants of children, than any other published in the United States. It 
is what it purports to be, a Spellktg Boole, and not a Reading Book, and only requires an 
examination on the part of Instructors of Youth, to secure ibr it a univensal introdue* 
ttan into the Schools of flie United Statea. 

For tale by all the BookeeUere, 



RECOMMENDATIONS. 

TICKNOR'S PRACTICAL MENSURATION, 

For the Academies and Common Sckool$ of the United States. 



Eastonj January 2, 1849. 

We, the undersized, Teachers of the Public Schools of Easton, Pa. 
after a careful examination of Mr. Ticknor's "Treatise on Mensuration," 
do not hesitate in savins that we are decidedly pleased with its arrangement, 
and in particular with the plainness with which its rules and examples are 
written. That a work of this kind has been long needed in our public 
schools, no teacher will deny, since most other publications of the kind, 
being abstruse and diffic^jc^ are better suited for the college than the public 
school. But this little work, containing all the information necessary for 
the carpenter, mason, bricklayer, &c., *' and which is so happily adapted to 
the comprehension of school-boys,. is just the thine to teach them what they 
will want to practice when they become men." We therefore hope it may 
meet with the cordial reception it deserves, by both scholars and teachers. 
We shall adopt it in our schools immediately. 

B. H. SAXTON, CHAS. S. EMMONS, . 

NEWTON KIRKPATRICK, HENRY GRIFFITHS, 
D. MULFORD JAMES, JAS. JAY OKILL, A. M. 

Prin. Pub. Schoolf S. Eaeton, Pa. 

City of Seadingf January 1, 1849. 

We, the undersigned, having examined Mr. Ticknor's Mensuration, are 
happy in expressing our entire approbation of the work. The arrangement 
is very judicious; tne questions well selected; the number of questions such 
as will msure a thorough knowledge of each problem, without subjecting the 
pupil to dnidfi^ery ; ana the rationale so simply stated that none will find the 
studv of his book either tedious or drv. 

We cordially recommend the worK, and hope its circulation will be as 
extensive as its merit is undoubted. 

STEPHEN ENGLISH, Teacher of the N. Ward Grammar School, 

JOSEPH MALSBERGER, Principal N. E. Ward. 

JOHN RYAN, Principal S. E. Ward P. S. 

B. M. HO AG, Pnncipal N. Ward Pub. School. 

T. STOCKDALB, Principal Binsaman St. Pub. School. 

GEO. F. SPAYD, Princtpal S. W. Ward Grammar School 

Mr. Ticknor — Dear Sir : I cheerfully endorse the above, and certify 
further, that your endeavours to bring the practical advantages of science to 
the mass of the people, in a cheap form, is highly commendable. 

GEO. W. F. EMERSON. 



TICKNOR'S MENSURATION; 



OR. 



SQUARE AND TRIANGLE: 




BEING A PRACTICAL AND CONCISE SYSTEM 



OF 

GEOMETRY AND MENSURATION. 

ADAPTED TO THE USE OF SCHOOLS AND ACADEMIES 
IN THE AMERICAN REPUBLIC. 

BY ALMON TICKNOR, 

▲VTHOX OF THB 

eOlVKBIMT CALCVLATOB, YOUTH'S COLVICBIAK CAICTTLATOB, COLUMBZAV 8VXI.]:jyO-B00K, TAMtM 
BOOK, ACCOVXTAXT'a ASBlsikVTt 11A.ZHBXATZCA& TABLBf, XXC. 



« -^ 



" Education is a better safeguard of liberty than a standing army. If we retrencb 
the wages of the 8(dkoolmaster, we must raise those of the reoruiting sergeant"— Hon. 

SSWABD EVXBSTT. 

\ 



POTTSVILLE : 

PUBLISHED BY B. BANNAN. 

AND F0& 8ALB BT 

KAY A TROUTMAN, PHILADELPHIA— mJKTISQBOii & SAVAGE, NEW TOBK 
— B. B. MUSSET A 00, BOSTON—W. T. TRUMAN, CINCmNATL 

1849. 



Bntered, afioordii^ to Act cfOaagnm, in the year 1840^ by 

ALMON TIOKNOB, 

in tbe Glerk'g OfHoe of the DLstrict Oonxt of the Baetem Distzict oC 

Pennsylyania. 
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REMARKS. 



Having for many years witnessed the necessity of a practical 
elementary treatise on Geometry and Mensuration in our District^ 
Schools and Academies, and as no work answering this descrip- 
tion is at present before the public, this, it is presumed, will be 
a sufficient apology for the attempt to supply a vacancy in this de- 
partment of science. 
Ne^t to a correct knowledge of Arithmetic, we may rank that 
, of Mensuration, a branch of mathematics which embraces a 
O variety of pleasing and interesting subjects of the greatest im- 
u portance and utility to the man of business, the merchant, arta- 
j^ san, manufacturer, farmer, mechanist, and indeed almost every 
I person whose transactions are of sufficient importance to require 
-^the application of figures* Even its introduction into " Female 
^SemiTiarie^' should not be considered as derogatory, or "too 
'rude'* for the exercise of the female mind, as a substitute for less 
J useful studies and employment, when it is known that many ladies 
^have distinguished themselves, as much by their attainments in 
the abstruse sciences of mathematics and astronomy, as they have 
by their contributions to our periodical literature. The daily 
and constant intercourse qf men, in the transaction of business, 
will continually demand the application of the principles of Men- 
suration, almost as frequently as that of common Arithmetic, and 
notwithstanding the demand fctr the application of those rules 
and principles, it is believed that not more than one person in 
Jify is even partially acquainted with the science. This pracd- 
cat part of mathematics has been quite too much neglected in our 
district schools as a part of elementary instruction, and seldom 
receives that attention necessary to acquire a correct knowledge 
of the science even in many of our ^^High Schools and Aca- 
demies," This may be attributed either to the want of suit- 
able hoohsy or to the neglect of the teacher. In a work of 
this kind, but little new or original can be written or ex-- 
pected, beyond the arrangement, the selection of appropriate 
practical questions, and the general adaptation of the volume to 
the use of the man of business, and the capacity of those for 
whom it is intended as an introductory course of instruction to 
the higher branches of mathematics. In the selection of suitable 
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6 BEMARES. 

matter in the following pages, much care and attention have been 
bestowed, with a view to introduce such, and such only as ap- 
peared the most useful, and to omit all extraneous subjects as 
irrelevant in a text-book on elementary science, as well as a fruit- 
ful source of complaint with many teachers. A series of ex- 
amples in Dedmals and Evolution has been introduced as a pre- 
liminary course, a correct knowledge of which is indispensable in 
the solution of the following problems, for the reason, that this 
part of Arithmetis i^ but partially j or imperfectly taught by 
authors or teachers, particularly decimals, they being considered 
of "no kind of use,** and the time of the pupil is therefore em- 
ployed on " mental arithmetic" and "foreign currency,** much 
to the detriment of the pupil, injustice to the public, and a 
hinderanee to the advancement of mathematical science and 
general information : a system that never has been, nor never 
can be attended with the lea^st benefit to any one, and should be 
prohibited and discountenanced in every school in the Union. 
This no doubt will be the case when the "public mind" be- 
comes enlightened on the pernicious consequences, and convinced 
of the^bZ/y of a superficial education, and the great loss of tims 
and inruyney in the vain pursuit of a phantom, — " in truth, a most 
consummate humbug/* 

This volume, with the two " Columhian Calculators,** em- 
braces about POUR THOUSAND TWO HUNDRED questions for solu- 
tion, a large proportion of which are original, a number sufficient 
to make the pupil a proficient in the various subjects introduced. 
K this volume should m^t and receive the approbation of 
Teachers and others interested, the author wiU consider him- 
self sufficiently rewarded for all his care and labor, and his most 
sanguine expectations folly realized. * 

Juiy 4, 1849. 



SIGNS AND TABLES USED IN THIS WORK. 



1. Abithmbtioaii Signs. 

4- Plui, or more. Sign of addition, as 8 + 4 = 12 ; 8 and 4 are 12. 

Bs EquaUtyf or equal to. As 3 feet added to 8 feet ^ 6 feet. 

— Minus, or Un, Sign of subtraction ; as 8 — 4 ss 4 ; 4 from 8 and 
4 remain. 

X Into, or hy. Sign of multiplioation, as 4 x 2 s 8; 4 multiplied 
by 2 is 8. 

H- Dwided hy. Sign of division ; as 26 -&- 5 ss 6 ; 6 is contained in 

26 42 

26, 6 times, or, -g- = 6 ; ^ = 7. 

: :: : Proportion, as 2 : 4 :: 8 : 16. 

v/ V 5fit«ir« roo*, {/16 =s 4, or 16* = 4. * 

^ (7tt*e roo*, ^7 = 8, or 27* = 8. . 

1/ Biquadrate root, |/ 16 = 2, or 16* = 2. 

2. Land, or Squase Mbasviub. 

144 inches make - - - - - - 1 sq. foot. 

9 feet " 1 sq- y«rd. 

86 feet " 1 sq. fathom. 

2721 feet, or SOJ yards, make - - 1 sq- rod, pole,- or perch. 
1600 poles " 1 sq. furlong. 

40 pole^ " 1 s<l- rood. 

4 roods «-.--- 1 sq. acre. 

160 poles, or 4840 yards " 1 sq- apr©- 

640 acres (1 section) « 1 sq- lail©- 

8. DiSIANOBS, OB THB GhAIN. 

7Mf inches make 1 1™J^- 

2d iSmks " -1 Pow- 

100 links " 1 chain. 

10 chains (of 4 poles*) make 1 ftirlong. 

8 furlengs " 1 n^^®- 

6 rods, or 66 ft., or 100 links, make - - - 1 Gunter's chain. 
80 chains, or 820 po. (in length) « - - - 1 mile. 
10 square chains " - - - - 1 «»«• 

* Some ■UT T o jfoai uie the dmina of 2 potoi^ othw of 4 potofc 
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SIGNS AKD TABLES. 



4. Solid, ob Cubical Measubb. 
By this are measured all tMiigs that haye lengthf breadth, and thkhneti. 
1728 inches make ...... i foot. 

27 feet " 1 yard. 

40 feet of round timber, or 60 feet of hewn timber 

make -.-•-.--1 ton. 
42 feet make - - - - - -^- - 1 ton of shipping. 

16 cubic feet make - - - 1 foot of wood, or one cord foot. 

128 solid feet, or 8 feet in length, 4 feet in breadth, 

and 4 ft. in height, or 8 X 4 x 4 =» 128 = - 1 cord of wood. 



6. Long Measube. 
12 inches make ..... 

3 feet " 

5} yards, or 16J feet make - . . 

40 rods 

8 furlongs 

3 miles 

GO geographical, or 69^ statute miles 

360 degrees - - . - 
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- - 1 foot. 

- 1 yard. 
1 rod, pole, or perch. 

- 1 furlong. 
• - 1 mile. 

- 1 league. 

- - 1 degree, 
a great circle of the earth. 



4 inches make 
9 inches = 
18 inches make 
6ftet 



1 hand. 
1 span. 
1 cobit. 
1 fathom. 



6. Otheb MxAauBES. 

282 cubic inches = . . - - 
281 " " s= 

268t « «« = .... 

24} cubic feet, or 16} feet in length, 1} in 

breadth, and 1 foot in height = 
(16-5 -r- 2 = 8-25 4- 16-6 ^ 24-75.) 
2150-4252 cubic inches = 
2653-6299' »"=--.-- 



1 gallon, ale measure. 
1 gallon, wine measure. 
1 gallon, dry measure. 

1 perch of stone. 

1 bush, striek measure. 
1 -bush, heaped ** 
The Winchester bushel is 18*5 inches in diameter, and 8 inches deep. 

For convenience^ the foUovying table may he used. 
Solid, ob Cubic Measubb. 



CaUc Inohes. 


OaUo feet 


OaUe Tftrd. 


Cubic 
Poles. 


Cnbto 
Furlong. 


Cnbie 
HUe. 


1728 

46666 

7762892 

.(196798088000 

254486806ia560p0 


= 1 

27 

4482J 

287496000 

147197952000 


"" 166-876 

10648000 

6461776000 


» 1 

64000 
32768000 


"^ 512 


= 1 



INTRODUCTORY COURSE 



TO 



MENSURATION. 



BEMABE8. 

It is presnmed that the pupil is akeady well acquainted with 
common arithmetic; for^ without a correct knowledge of that 
important science^ he cannot reasonahly expect to make much 
proficiency in the higher branches of mathematics^ satisfactory 
to himself or creditable to his instructor. But^ as this may not 
have been attended to with sufficient care^ there can be no objec- 
tion to a cursory review of the most important rules used in the 
solution of questions in mensuration. As it is foreign to the 
subject to enter into an arithmetical demonstration, the several 
rides will first be given, as a reference, and the questions for 
solution follow promiscuously, as this method will have a tend- 
ency to familiarize the pupil in their use and application. 



DECIMAL FEACTIOKS. 

ADDITION. 

Rule. — ^Write the numbers under each other, observing to 
place tenths under tenths, hundredths under hundredths, &o. 
Be particular that the decimal points stand directly under each 
other, in a perpendicular line, both in the given numbers and in 
the sum or amount. Then perform the operation the same as in 
addition of integers. 

SUBTRACTION. 

Rule. — ^1. Write the numbers the same as integers, observing 
that the decimal points stand directly under each other. 

2. Then subtract the same as in whole numbers, and place 
the decimal point in the remainder under those above. 

9 






10 DECIMAL FRACTIONS. 

MULTIPLICATION. 

Rule.— V Write the multiplioaiid, aad under it theiaultiplier, 
in the sanie manner as simple numbers; then multiply without 
regard to decimal points. 

2. When the multiplication is finished^ begin at the right 
hand figure of the product^and count off as many figures toward 
the left as there ar^ deqin^al places in the multiplier and multi- 
plicand, and there place the decimal point. 

3. If the number of places in the product be less than the 
decimal places in the mtdtiplier and multiplicand^ 'prefix a suffi- 
cient number of ciphers, to the left of the product, to equal those 
of the multiplier and multiplicand, and then place the decimal 
point to the left of the ciphers. 

DIVISION. 

Rule. — ^IKvide as in whole numbers, and point off as many 
figures for decimals in the quotient as the decimal places in the 
dividend exceed those in the divisor. K the quotient does not 
contain figures enough, supply the deficiency by prefixing ciphers. 

To reduce a decimal to a common or vulgar fraction. 

Rule. — Erase the decimal point; then write the decimal de- 
nominator under the numerator, and it will form a common frac- 
tion, which may be treated in the same manner as other common 
or vulgar fractions. 

To reduce a commxm or vulgar fraction to a decimal. 

Rule. — ^Annex ciphers to the numerator, and divide it by the 
denominator. Point off as many decimal figures in the quotient 
as you have annexed ciphers to the numerator. 

To reduce severed denominations to the decimal of a higher deno- 
mination. 

Rule. — 1. Multiply by as many as it takes of the neoU lower 
denomination to ma^e one of the higher, adding in tl^e denomina- 
tions respectively as you multiply, until they are reduced to the 
lowest denomination in the question, and this is the dividend. 

2. Then take one of that denomination of which you wish to 
make it a decimal^ and reduce it to the same denomination with 
the one above-mentioned, and this last number is the divisor. 

3. Divide as in whole numbers, and the quotient is the an- 
swer. 



BECIHAL VBAGTIONS* 11 

7b reduce a decinud to its proper vahiey <ff compovmd mtmber to 
whole numhers of lower deTwmiiiations, 

EuLE. — ^1. Multiply the decimal by the number of parts in 
the next less denomination, and cut off as many places for a 
remainder (counting from the right) as there are decimal places 
in the given decimal, and there make the decimal point. 

2. Multiply the remainder (that is, the decimal) by the nezt 
less denomination, and cut off a remainder as before ; continue in 
this way through all the parts of the integer, and the several 
denominations standing on ike left of the decimal points is the 
answer, 

REVIEW, 

Wliat are fractions ? What are decimal fractions ? From what do 
they arise ? Why are they called decimals ? Ana. Because they decrease 
in a tenfold ratio, as tenths, hundredths, &c. How are decimals ex- 
pressed ? What is always the denomintbtor of a decimal fraction ? 
What is the point placed before a decimal called 7 Upon what does the 
value of a decimal depend? What is the difference between jE>re/£ztn^ 
and annexinff ciphers to decimals ? How are decimals read 7 Repeat 
the process of addition — subtraction— ^multiplication — division — ^reduc- 
tion, &e. 

QUESTIONS, 

1. Add 12-54565, 7-891, 2-34, 14, -0011 together.* li-rrvS" 

2. Add -7509, -0074, -69, -8408, -6109 together. .- .^ , t 

3. Add -7569, -25, -654, -199 together. - r u c v % 

4. Add 71467, 27-94, 16^084, 98-009, 36-5 together. " ■ '' 
6. Add 9607-84, 823-79, -07965, 74-821 together. 

6. Add 19-073, 2-3597, 223, -01&7581, 34781, 12-358 to- 
gether. 

7. Add 5-3, li-973, 49, -9, 1-7314, 34-3 together. 

8. From 125-64000 take 95-58756. sr; V ; . .. : ., 

9. From 145-00 take 76-84. 

10. From 14674 taJce 5-91. 

11. From 761-8109 take 18-9118. 

12. From 171-195 take 125-9176. 

13. From 480 take 245-0075, 

14. 3-024 X 2-23 

15. 25-238 X 1217. 

16. -007853 X -035 « -000274855. 

17. -007 X 0008. 

18. 25-238 X 1217. 

19. -84179 X 0385. 

20. 4-18000 -=- 1812. 

21. 186513-239 ^ 304-81. 



12 EVOLUTION. 

22. Divide 7-2540^ by -957.' Ans, 7-58. 

23. Eediice 20 poles to the decimal of an acre. 

24. Keduce 2 roods, 4 poles to the decimal of an acre. 

25. Reduce 3 quarters, 2 nails to the decimal of a yard. 

26. Reduce 5 furlongs, 16 poles to the decimal of a mile. 

27. Reduce 4*6 calendar months to ihe decimal of a year. 

28. Find the value of -76442 of a pound Troy. 

29. What is the value of 875 of a yard ? 

30. Find the proper quantity of -089 of a mile. 

31. Reduce ^ij to a decimal. 

32. Reduce ^J to a decimal. 

33. Reduce j%, ||, ^g%, and A to decimals. 

34. Reduce 7 cwt. 3 qrs. 17 lb. 10 oz. 12 drs. to the decimal 
of a ton. 

35. Reduce 8 feet, 6 inches to the decimal of a mile. 

36. Reduce 3 roods, 1\ poles to the decimal of an acre. 

37. Reduce 5} yards to the decimal of a mile. 

38. -88 -T- 88 = -01 Ans. 

39. 88)-88(100 Ans. 

40. 7)-8694( 



EVOtUTIOH. 

Evolution, or the extraction of roots, is to find such a number 
as being multiplied into itself a certain number of times will pro- 
duce that number: if we resolve 36 into two equal factors, 
namely, 6 and 6, each of t^ese equal factors is called a root of 
36, because 6x6== 36, and 6 is the square root of 36. And 
27, resolved into three equal factors, 3, 3, andi6, each factor is 
called a root of 27, because 3 x 3 x 3 = 27, and 3 is the 3d 
or cube root of 27 — and the same of other numbers. A square 
number cannot have more places of figures than double the places 
of the root, and but one less. A cube cannot have more figures 
than triple the number of the root, nor but two less. 

SQUARE ROOT. 

Rule. — 1. Separate the given number into periods of two 
figures, beginning with units. 

2. Find the root of the period on the left, and place it in the 
quotient, and its square under said period, which subtract from 
the number above. 

3., Then 'bring down the next jfteriod, (two figures,) and place 



EVOLUTION. is 

it on the right of the remainder, as in Btvision, and this forms a 
new dividend. 

4. Now doable this j&gure, or root, in the quotient^ i^d place 
it on the left; of the new dividend for a divisor. 

5. Then consider how often the divisor is contained in the 
dividend, omitting the right-hand figure, and place the result on 
the right of the root in the quotient, and then place this figure 
on the right of the number produced by doubling for a divisor, 
and multiply as in Division till the root of all the periods is 
extracted. 

Fob Decimals. — ^When decimals occur in the given number, 
they must be pointed both ways &om' the decimal point, and the 
root must consist of as many figures, of whole numbers and 
decimals respectively, as there are periods of integers or decimals 
in the given number. When a decimal alone is given, annex 
one cipher, if necessary, so that the number of decimal places 
shall be equal; and the number of decimal places in the root 
will be equal to the number oi periods in the given decimal. 

For Vulgar Fractions. — 1. Reduce mixed numbers to im- 
proper fractions, and compound fractions to simple ones, and 
then reduce the fraction to its lowest t^rms. 

2.. Extract the square root of the numerator and denominator 
separately, if they have exact roots ] but if they have not, reduce 
the fraction to a decimal, and then extract the root, as above, &c. 

Proof. — Square the root, and add in the remainder. 

CUBE ROOT. 

RuLF. — 1. Separate the given number into periods of three 
figures each, placing a point over units, then over every tkird 
figure towards the left in whole numbers, and over every third 
figure towards the right in decimals. 

2. Find the greatest cube in the first period on the left hand; 
then placing its root on the right of the number for the first 
figure of the root, subtract its cube from the period, and to the 
remainder bring down the next period for a dividend. 

3. Square the root already found, giving it its true local 
value ; multiply this square by 3, and place the' product on the 
left of the dividend for a divisor ; fiud now many times it is con- 
tained in the dividend, and place the result in tne root. 

4. Multiply the root abeady found, regarding its local value 
by this last figure added to it, then multiply this product by 3, 
and place the result on the left of the dividend under the di- 
visor; under this result write also the square of the last figure 
plAoed in the root. 

3 
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5. Finally, add these results to the divisor ; multiply the sum 
by the last figure placed in the root, and subtract the product 
from the dividend. To the right of the remainder bring down 
the next period for a new dividend ; find a new divisor, and pro- 
ceed with the operation as above. 

c 6. When there is a remainder, periods of cipJiers may be 
annexed. 

Note. — ^If the right-hand period of decimals is deficient, this 
deficiency must be supplied by ciphers. The root must contain 
as many places of decimals as there afe periods of decimals in 
the given number. The cube root of a vulgar fraction is found 
by extracting the root of its numerator and denominator, or re- 
ducing the faction to a decimal. A mixed number should be 
reduced to an improper fraction. 

Proof. — Multiply the root into itself twice; add the remainder. 

QUESTIONS. 

1. What is the square root of 54590-25 ? Ans. 2345. 

2. What is the square root of 3271-4007 ? Ans. 5719 + 

3. What is the square root of 96385163 ? Ans. 9817+ 

4. What is the square root of 10342656 ? Ans. 3216. 

6. What is the square root of 964 -5192360241 ? Answer. 
8105671. 

6. What is the square root of -0000316969 ? Ans. -00563. 

7. What is the square root of ||, ?/J4|, t^6i, i/52^^, 

8. What is the cube root of 259694072 ? Ans. 638. 

9. What is the cube root of 34328125 ? Ans. 325. 

10. What is the cube root of -37862135? Ans. -723+ 

11. What is the cube root of 34965783 ? Ans. 327. 

12. What is the cube root of |f| ? Ans. f. 

13. What is the cube root of A, or -018115942 ? 

14. What is the cube root of §3 ? 



15. What is the cube root of l/fff ^ 

16. What is 1^6 ciibe root of >|f «* ? 



Note. — This part of Arithmetic is iQore fully explained in the *' Columbian 
Calculator." 



STTODECnCALS, 0£ CEOSS-HULTIPLICATIOV. 

This rule is highly valued by artificers and workmen, particu- 
larly carpenters and joiners, in measuring and estimating tihe 
value of their work. The dimension being taken in feet, inches, 
and twelfths. A foot is divided into 12 parts, edited uiehea^ 
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each mch into 12 parts called seconds C'), each second into 12 
parts called thirds ('''), and each third into 12 parts called 
fourths ("")? according to the following table : 

12 fourths C") make 1 third. 
12 thirds ('") " 1. second. 
12 seconds (") " 1 inch; 
12 inches or primes " 1 foot. 
Feet X by feet give feet. 
Feet X by inches give inches. 
Feet ^ by seconds give seconds. 
Inches x by inches give seconds. 
Inches X by seconds give thirds. 
Seconds x by seconds give fourths. 

Rule.— 1. Under the multiplicand write the corresponding 
denominations of the multiplier; that iS; place feet under feet, 
inches under inches, &c. 

2. Multiply each term in the multiplicand, beginning at the 
lowest, by the feet in the multiplier, write each product under its 
respective term ; observing to carry one /or every 12, from each 
lower denomination to its next i»i[^rior. 

3. Multiply in the same ma^er with the inches ; and set the 
product of each term one place fwriher to the right hand; and 
carry one for every 12 as before. 

4. Work in like manner with the seconds, &c., |nd the sum 
of the lines will be the product required. 

Note. — ^If there be no feet in the multiple, supply their place 
with a cipher, and in like manner supply the place of any other 
denomination. Though the feet obtained by the rule are square 
feet, the inches are not square inches, but the twelfth part of a 
square foot, thus, j^^^ . 

l.« 10 ft. 4 in. X 6 ft. 8 in. 

2. 29 ft. 7 in, x 4 ft. 9 in. 

3. 12 ft. Sin, 6"x5ft. 6 in. 

4. 18 ft. 6 in. 3" x 7 ft. 9 in. 

5. 4 ft, 7 in, 2" x 4 ft. 2 in. 3". 

6. 11 ft. 6 in. 6" X 5 ft. 4 in. 2". 

7. 16 ft. 4 in. 4" x 8 ft. S in. 4". 

8. 11 ft. 2 in. 3" X 6 ft. 2 in. 6". 



PART, FIRST. 



THE SQUARE 




AND TRIANGLE. 



^winrtrq. 



Section 1. — ^Lines and Angles. 



DEFINITIONS. 

1. Ajmnty is that which has position^ but 
not magnitude. 

2. A right line is the shortest that can be 
drawn between any two points^ and the short- ^. 
est distance from A to B. 



fig.i. 



ng.2. 



Kg. 3. 



3. Parallel lines are at the same distance 
from each other at every point; they can C7= _____ 
never meet : C D. 

4. A wave line is used in the construe- ^^^ 

tion of maps^ &c. : E F. ^/^U\y\p 



5. A curve line is one which changes its 
direction at every point : G H. 

6. Two cwrve lines are paraUd, when they 
are at the same distance from each other; 
they will not meet each other : P. 



ng.5. 




ng.8. 




Kg. 7. 



7. Oblique lines are those which ap- 
proach each other^ and if prolonged will 
meet. 

Horizontal lines are parallel to the horiion, or to the water 
level. 

» 17 
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Ilg.8. 



8. An angle is the opening, or inclination 
of two lines which meet each other in a point; 
as the lines A C, A B, form an angle at 
ihe point A. The lines A C and A B are ^ 
the sides of the angle^ and their intersection, A; the vertex, or 
angle A. 




9. A perpendicular is when a straight 
line meets another straight line, and 
makes the angles, or bodi sides of it, 
equal to each other. The angle formed 
by the hose and perpendicular is a right 
angle, and contains 90^, or one^/ourth of 
a great circle of the earth. 360 -f-4 =90 . \ 
The base of a figure is the side on which 
it stands. 



mg.9. 



^^o 



\ 
\ 






10. An a,cuie angle is less than a right angle; 
the point of intersection is called the angular 
pointy which may be greater or less, according 
as they are more or less inclined or opened. 



JUght Angle. 
Fig. 10. 




1 1 . An obtuse angle is greater than a right 
angle. 



12. An e^i^^d/^ruin^^e has three sidesi 
all equal. 



Acute Ang^. 
11g.ll. 



OMoM Angle. 
Ilg.18. 




13. An isoscdei tria/mgk has only two of 
its sides equal. 



Fig. 13. 




^BOMBTBT. 

14. A scalene triangle has three sides, 
all unequal. 
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15. A rigJUrangled triangle has 
one right angle } tlie side opposite, 
is called the hypotheaey/se, and the 
other two sides the legs^ or the base 
and perpendicular. 



ng^lft. 




16. Vertical an>gles. — ^Where 
two lines intersect each other, 
the opposite angles A and A 
are equal to each other, and so 
also are the angles B and B. 



iig.i& 




Section 2. — Circles and Angles. 



17. A cirde is a plain figure, formed by 
the revolution of a right line about one of 
its extremities, which remains fixed. It is 
sometimes called the circumference. 



fig. 17. 




Kg. 18. 

18. The radius of a circle is a 
straight line drawn from the centre to 
any part of the circumference. 

The diameter of a circle is a right 
line passing through the centre, termi- 
nated both ways by the circumference. 

An arc of a circle is any part of its 
periphery, or circomferenoe 

A chard is a right line joining the 
extremities of an arc. 

A segment of a oiit;le is any part of a circle bounded by an arc 
and its chdrd, 

A ^luadrcmt is a quarter of a circle. 
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19. A sector is any part of a circle 
bounded by an arc, and its two radii 
drawn to its extremities. 

A semicircle is one-half of a circle. 



Pl§. 19. 




20. The yersed sine or height of an arc, is that 
part of the dii^net^r contained between the 
middle of the chord and the arC; as I) BsD £. 



21. A zone i& a part of a circle in- 
claded between two parallel chords^ and 
their intercepted arcs. 




Section 3. — ^Plane Fiquess. 

A pUme figure is a part of a plane, terminated on all sides by 
lines, either straight or curved. If the bounding lines arc 
straight, the space they enclose is called a recfiYtneo/ figure,. or 
polygon. 



^.22. 



22, A jpo^KSP^ ^ ^Stumd sides ia ealkd a 



e. 
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23. A polygon, of four sides is called a qaadri- 
IfttenJ. 



24. Kpdhfgon of five ddes is called a pentagon. 



tig. 24. 




A polygon of six ddes is called a hexagon. 

A polygon of seyen sides is called a heptagon. 

A polygon of ei^t sides is called an octagon. 

A polygon of nine sides is called a nonagon. 

A polygon of ten sides is called a decagon. 

A polygon of twelve sides. is called a dodecagon* 

The lines of a polygon, taken together, are called the peri- 
meter of the polygon. The perimeter of a polygon is the snm 
of all its sides. 

An equilateral polygon is one which has all its sides equal. 

An equiangular polygon is one which has all its angles equal. 

All polygons are either regular or irregular polygons. 



QUADBILATEBJJiS. 



Fif.2S. 



25. A square is a quadrilateral, whose sides are 
all equal, and its angles all right angles. All plain 
figures bounded by four right lines, are called quad- 
rangleSf or quadrilateral. 



26. A rectangle has its angles right angles, 
and its opposite sides equal and paraBei: 
called also an '^ oblong squareJ' 



n«.ss. 



1 



27. A parallelogram has its opposite 
rides parallel^ but its angles not right /^ 
angles. Z— 



Rg. ar. 



7 



I1g.28. 



28. A lozenge has its sides equal; but is not right 
angled. 
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« 

FIg.29. 

r— 

29. A trapezoid, only two of whose sides are 
parallel. 



80. A diagonal is a line joining the ver- 
tices of two angles^ not adjacent ; thus, A B 
is a diagonal; and the angles are equal. 



ng. 80. 



X^ 



REVIEW. 



1. What is a point? 2. A right line? 8. Parallel lines? 4. A 
waTeline? 5. A carve line? 6. Two curve lines ? 7. Oblique lines? 
Horizontal lines ? 8. An angle ? 9. A perpendicular ? The base line? 
10. An acute angle? 11. An obtuse angle? 12. An equilateral tri- 
angle? 18. An isosceles triangle? 14. A scalene triangle? 15. A 
right-angled triangle 1 16. Vertical angles? 17. A circle? 18. Radius? 
Diameter? An arc? A chord? A segment? A quadrant? 19. A 
sector ? A semicircle ? 20. Versed sine ? 21. A zone ? A plane 
figure? 22. A polygon? 28. A polygon of four sides ? 24, A polygon 
of five sides ? A polygon of six sides ? What of other polygons? What 
is the perimeter of a polygon? An equilateral polygon? An equi- 
angular polygon ? 25. A square ? 26. A rectangle ? 27. A parallelo- 
gram? 28. • A lozenge, or diamond? 29. A trapezoid? 30. A diago- 
nal ? Circumference ? What is altitude ? Ans. Height — elevation. 

DEFINITION OF TERMS EMPLOYED IK GEOMETRY; &0. 

1. An axiom is a self-evident proposition. 

2. A theorem is a truth which becomes evident bj means of a 
train of reasoning, called demonstration. 

8. A problem is a question proposed, which requires soluHon, 
4* A lemma is a subsidiary truth, employed for the demonstra* . 
tion of a theorem, or the solution of a problem. 

6. A proposition is applied indifferently to theorems, pro- 
blems, &c. 

6. A corollary is an obvious consequence deduced firom one ^ 
or more propositions. 

7. A scholium is a remark on one or several preceding pro- 
positions. 

8. A hypothesis is a su|^sitioxi, made either in the enuncia- 
tion of a propositioi^ or in the course of a demonstration. 

Axioms. — 1. Things which are equal to the same thing are 
equal to each other. 
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2. If equals be added to equals^ tlie whole will be equal. 

3. If equals be taken from equals^ the remainderB will be 
equal. 

4. If equals be added to unequals, the whele will be unequal. 

5. If equals be taken from uneqaals^ the remainders will be 
unequal. 

6. Things which are double the same thing are equal to eaoh 
other. 

7. Things which are halves of the same thing are equal to 
each other. 

8. The whole is greater than any of its parts. 

9. The whole is equal to the sum of all its parts. 

10. All right angles are equal to each, other. ' . 

11. From one point to another only one straight line can i)e 
drawn. 

12. Through the same point only one straight line can be 
drawn^ which shall be parallel to a given line. 

13. Magnitudes, which being applied to each other^ coincide 
throughout their whole extent^ are equal. 



^tnrfiml deomftti]. 



PRACTiciLi, Geometry explains the methods of constructing 
or describing the geometrical figures by the use of certain 
instruments. 

Section 1. — ^Problems. 

1. To describe from a given centre the drcumference of a cirde 

having a given radius. 



Solution. — ^Let A be the given 
centre^ and A B the given radius. 
Place one foot of the dividers at A, and 
extend the other leg until it shall reach 
to B. Then turn the dividers around 
the leg at A, and the other leg will de- 
scribe the required circumference. 



Tlg.1. 
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2. To divide a given line A B into two equal parts. 



Set one foot of the dividers in 
the point at A, and opening them 
beyond the middle of the line, de- 
scribe arches above and below the 
line ; with the same extent of the 
dividers, set one foot in the point 
B> and describe two arches cross- 
ing the former ; draw a line from 
the intersection of the arches 
above the line to the intersection 
below the line, and it will divide 
the line A B into two equal parts. 



Iiff.2. ^ 



^ 



Another Method, 



A. 



Ifg. A. 



A. From the points A and B, 
with any distance greater than 
half A B, describe arcs cutting 
each other in n and m, through 
these points draw the linO; &o- 




8. To erect a perpendicular 

Set one foot of the divi- 
ders in the given point C, 
extend the other foot to any 
distance at pleasure, as to D, 
and with that extent make 
the mark D and E, with the 
divider's one foot in D, at any 
extent above the distance of 
D and E describe an arch 
above the line, and with the 



PUf..8. 




same extent, and one foot in E, describe an arch crossing the 
former : draw a line from the intersection of the arches to the 
^ven point C, which will be perpendicular to the given line in 
the point C. 
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FIg.B. 



4. When the jf&ini is at or near the middle of the line, 

ng.l 

Draw the line A B; then take 
any pointy Oy and with the distance 
o 6, describe the arc m C n, cutting 
A B in m and C; through the 
centre^ Oy and the point m, draw the 
line m o n, cutting the arc m C n in 
u} from the point n^ draw the line 
n C, and it Will be the perpendiou- ^ 
lar required. 

Another Method* 

B. From the point C, with any 
distance more than half the distance 
of A C, describe the arc r nm^ cut- 
ting the line A C in r ; with the 
same distance, and r as a centre, 
cross the arc in n, and from n in 
like manner cross it in m ; from the 
points r and m with the same, or 
any other radius, describe ares cut- 
ting each other in x ; through the •£ 

point Xy draw the line x C, and it 
will be the perpendicular required. 

5. Drom a given point C out of a given line A By to letfaU a 

perpendicular, ng. 5. 

c 








From the point 0, with any 
radius, describe the arc n m, 
cutting A B in n and m, firom 
the points n w, with the same ^ ^^ 
or any other radius, describe ^^-' 

two arcs cutting each other in 
s; through the point C s, draw 
the line C G s, and C Gt will 
be the perpendicular required. 



if 



y 



^1W 



JL 
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6. To draw a line parallel to a given line: 



11g.6. 



a/ 



Set one foot of the 

dividers in any part of J^ 

the line, as at c, extend y^ 6 '"\ 
them at pleasure, unless 

a distance be assigned,,^ b 

and describe an arc 6; o » 

with the same extent in some other part of the line A B, as at e, 
describe the arc a, by a ruler to the extremities of the arcs, and 
draw the line E F, which will be parallel to the line A B. 

Note. — ^To draw parallel lines, use a parallel ruler. . 

7, If two straight lines are perpendicular to a third line, they 
will he parallel to ea^ other ^ consequently/ they can never meet. 



Vig.7. 



Let the two lines A C, B D, be perpen- 
dicular to A B, then will they be parallel, 
for if they could meet in a point 0, on 
either side of A B, there would be two 
perpendiculars A, B, let fall from the 
same point 0, oh the same straight line, 
which is impossible. 




8. IhjDO straight lines which are parallel to a third line, are pa- 
rallel to each other. 

Let C D and A B be parallel 
to the third line E F, then are 
they parallel to each other. Draw 
P Q R perpendicular to E F, and 
cutting A B, C D ; since A B is 
parallel to E F, P R will be per- 
pendicular to A B ; and since C D 
is parallel to B F, P R will, for a 
like reason, be perpendicular to 
C B. Hence, A B and C D are 

perpendicular to the same straight Kne, consequently they are 
parallel. >^ 





n 
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9. !two paraXleU cure eoerywhfsre e^3ta% distant. 
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Two parallels A B, C D, being ^ «8«- 

given, if through two points E and 
F, assTimed at pleasure, the straight 
Unes E G, F H be drawn perpendi- ^ 
cular to A B, those straight lines will 
at the same time be perpendicular to 
CD; if G F be drawn, the angles G F E, F G H, considered in 
reference to parallels A B, C D, will be alternate angles, and 
therefore equal to each other. 





10. From a given point vyithout a straight line, only one perpen- 

dicitlar can be drawn to that line. 

Let A be the point, and D E the ^' ^^* 

given line; let us suppose that we 
can draw two perpendiculars, A B, 
A C, produce either of them, as A B, 
till B F is equal to A B, and draw 
F C, then the two triangles CAB, 
C B F, will be equal, for the angles 
C B A and C B F are right angles, 
the side C B is common, and A B 
equal to B F by construction; there- 
fore the triangles are equal, and the 
angle A C B is equal to the angle 

B C F, and the angle A C B is a right angle, therefore B C F 
must likewise be a right angle. But if the adjacent angles 
B C A, B C F, are together equal to two right angles, A C F 
must be a straight line; from whence it follows, that between the 
same two points A and F, two straight lines can be drawn, which 
is impossible,, (Axiom 11 :) neither can two perpendiculars be 
drawn &om the same point to the same straight line. 



Scholium. — ^At a given 
point C, in th^ line A B, it 
is equally impossible to erect 
two perpendiculars to that 
Une. For if C B, C E, 
were those two perpendicu- 
lars, the angles BCD, 
D C E, would both be right 



A. 




JU 



angles, hence they would both be equal, (Axiom 10;) and the 
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* 

line C J) would coincide with E; othennse, a part would be 
equal to the whole, which is impossible* (Axiom 8.) 

Note. — ^Perpendiculars may be raised and let fall by a square, 
or other suitable instrument. 

11. Through a given poirU to draw ajparallel to a given straight 

line. 

Let A be the given ^ ^ Hg.ii. 

point, and B C the given 
line. From the point A, 
as a centre, with a radius 
greater than the shortest 
distance from A to B C, 

describe the indefinite arc ^ J gr 

E ; from the point E, as a centre, with the same radius, de- 
scribe the arc A F; make E D equal to A F, and draw A D, 
and this will be the parallel required. 

12. In ever^ parallelogram the opposite sides and angles art 

equal. 

Let A B C D be a paxallelo- _^ ^-'^ 

gram, then will A B equal D C, 
A D equal B C, A equal C, and 
ADC equal ABC. For draw 
the diagonal B D, the triangles 
A B D, D B C, have a common 
fdde B D ; and since A D, B C, are parallel, they have also 
the angle A D B equal BBC; and since A B, C I>, are paral- 
lel, the angle A B I) is equal B D C ; hence the two angles are 
equal. Therefore the side D C, opposite the angle A B B, is equal 
to the side D C, opposite the equal angle D B C ; and the sides 
A D, B C, are equal, hence the opposite ddes of a parallelogram 
are equal. Therefore it follows, that the opposite angles of a 
parallelogram are also equal. 

Cor. Two parallels A B, C D, included between two other 
parallels, A D, B C, are equal; and the diagonal, B B divides 
the parallelogram into two equal triangles. 

\^, If the opposite sides of a quadrilateral are equal, each to 
eachy the equal sides vdU he parallel, and the figure wiU he a 
parallelogram. 

Let A B C I) be a quadrilateral, having its opposite sides re- 
spectively equal, namely, A B equal to D C, and A D equal to 




Fig. 13. 
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B 0; then will their sides be parallel, and 

the figure a parallelogram; for having 

drawn the di^nal B D, the triangles 

A B D^ B D 0, have all the sides of the 

one equal to the corre^)onding sides of 

the other; therefore they are equal^ and ^ 

the angle A D B, opposite the side A B, is equal to D B C, 

opposite C D. Also the side A D is parallel to B C ; for a like 

reason A B is parallel to C D, consequently the quadrilateral 

A B C D i^ a parallelogram. 

Section 2. 
14. To make an angle equal to any nwmher of degrees. 

It is required to lay oflP an acute '^* ^*- 

angle of 36° on a given line A^ B. 
Tsie 60 degrees from the line of 
chords in the dividers, set one foot 
in the point A, describe an arch 
C D at pleasure, then set one foot 
of the dividers in the brass centre 
in the beginning ot the line of 
chords, and bring the other to 35° on the line; with this extent 
set one foot in C; with the other, intersect the arch CD in a, 
and through a draw the line A E, so will E A B be an angle of 
35 degrees. If the angle had been obtuse, suppose 125°, then 
take 90° from the line of chords ; set one foot in 0, and inter- 
sect the arch in ; then take 85° frtnn the same line of chords, 
and set them from hUi d: a line drawn from A through a to E, 
will make an angle FAB 125 degrees. 

Note. — ^To measure an angle on the line of chords, is only to 
take the distance on the arch between the lines A B and A E, or 
A B and A F, and lay it on the line of chords. 

15. To make a triangle whose sid^ shaU he equal to three given 




Let A, B; and C, be the given sides. 
Draw D E equal to the side A. From 
the point D as a centre, with a radius 
equal to the second side B, describe an 
arc ; from E as a centre, with a radius 
equs^ to the third side C, describe an- 
ower arc intersecting the former in F; 
draw D F and E F, and D £ F will be 
the triangle required. 

3* 






Fig. 15. 
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16. To divide a given angle iiUo two equal parts. 

Let A B C be the given angle ; from the point 
B, with any radius, describe the arc A C, and from 
A C, with the same, or any other radius, describe 
arcs cutting each other in n} through the point n 
draw the Hne B 7i, and it will divide the angle 
A B C as required. 




17. To divide a right angle into three equal parts. 



From (he point B, with any radius B A, 
describe the arc A C cutting the legs B A, 
B C, in A C; and from the point A, with 
the radius A B, or B C cross the arc A C 
in n ] also with the same radius from the 
point C, cross it in m; through the points 
m n, draw the lines B m, B n, and the 
angle is divided as required. 



FIg.l7. 




18. At a given point 2), to make an angle equal to a given 

angle ABC, 

From the point B, with any radius, describe the arc n m cut> 
ting the legs B A, B C, in the points m n. Draw the line D E, 
and from me point D, with the same radius as before, describe 

lig. 18. 




^n/ 




the. arc n «; take the distance m 9i on the former arc, and apply 
it to the axe n 8, from n to «; through the points D, s, draw the 
line D F, and the angle E D F will be equal to the angle ABC, 
as was required. 
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Ms. 10. 



19. Upon u given right line A By to make 
an equikUeral triangle. 

From the points A and B^ with a radius 
equal to A B, describe arcs cutting in C ; 
draw the lines A C, and the figure A C B 
will be the triangle required. 



Section 3. 
20. With two given lines A By to find a third proportionah 




Fig. 20. 



From the point C, draw two right 
lines, making any angle, C, F G; 
in these lines take C E, equal to the 
first term A, and C G-, C D, each 
equal to the second term B : join E D, 
and draw G F parallel to it ; and C F 
will be the third proportional required. 



A 
Jf 




21. To divide a given line A By in the tame proportion that an- 

other given line G is divided. 

Fig. 21. 

From the point A, draw A D, equal 
to the given line G, and making any 
angle with A B to A D, apply the seve- 
ral divisions of 0, and join D B, then 
draw the line 5 5, 4 4, &c. : each paral- 
lel to D B and the line A B will be di- 
vided as required. 



aX\ \ \ \ 

o 

3r 2 t 4 s 



22. Uj^nm a given line A By to describe a 

sgua/re. 

From the point B, draw B C perpen- 
dicular, and equal to A B : on A and C, 
with the radius A B, describe two arcs 
cutting each other in D ; draw the lines 
KDyDGy and the figures A B C B will 
be the square describeid. 



ng.22. 
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Fig. 3$. 



23. To deionhe a rectangle, whose length and breadth shaU he 
equal to two given lines, A B and C, 

At the point B, in the given line 
A B, erect the perpendicular B D, 
and make it equal to C : from the 
point DA, with the radii A B and C, 
describe two arcs cutting each other in 
E, then join E A and B D, and A B, 
D E, will be the rectangle required. 



r 




^A 



24. TJ'pon a given line to describe a rectangle that shall he equiva- 
lent to a given rectangle. 

Let A D be the line, 
and A B, F C, the 
given rectangle. Find 
a fourth proportional 
to the three lines, A D, . 
A B, A C, and let 
A X be that fourth proportional : a rectangle constructed with 
the lines A D, and A x will b& equivalent to the rectangle 
A B F C. 

25. The two diagonals of a parallelogram Insect eaeh other. 

In the pajralleloffram A B C D, the di- ^' ^' 

agonals A C, B D, bisect each other in ihe 
point 0, because A B, B D, meet the pa- 
rallel right lines A D, B C; the an^es 
A D, D A, are respectively equal to B, B C, and 
A D being equal to B C, the triangle A D, B, have the 
sides O A, D, respectively equal to C, B| and therefore 
A C, B B, are bisected at the point 0. 




26. The sg^ua/re descrihed on the hypotenvAe of a right-angled tri- 
angle is equivalent to the sum of fAe squares described on (he 
odier two sides. (Fig. B) 

Fig. A. Let the triangle A B C be right-angled at A. Hav- 
ing described squares on the three, sides, let Ml from A, on the 
hypotenuse, the perpendicular A D, which produoe to E ; and 
draw the diagonals A F, C H. The angle A B F is made np of 
the angle ABC, together with the right angle G B F : the 
angle B H is made np of the same an^ ABC; togetbar with 
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the right angle A 6 H ; hence the angle A B F is equal to 
H B C. But we have A B equal to B H, being sides of the 
same square B F, equal to B C, for the same reason ; therefore 
the triangles A B F, H B C, have two sides, and the included 
angle in each equal; consequently they are themselves equal. 
The triangle A B F is half of the rectangle B E, because they 
have the same base B F, and the same altitude B D. (Cor. 1.) 
The triangle H B C is in like manner half of the square A H, 
for the angles B A C, B A L, being both right angles, A C and 
A L form one and the same straight line parallel to H B ; con- 
sequently the triangle H B C, and the square A H, which have 



Fig. A. 



Fig. 26. 





I 



B C is equal to A. 



the common base B H, have also the common altitude A B, 
hence the triangle is half of the square. The triangle A B F 
has been proved equal to the triangle H B C, hence the rectangle 
B D E F, which is double of the triangle A B F, must be equi- 
valent to the square A H, which is double of the triangle H B C. 
In the same manner it may be proved that the rectangle C I) E Gr 
is equivalent to the square A F. But the two rectandes B D E F, 
C D E G-, taken together, make up the square B C G F, there- 
fore the square B C G- F, described on the hypotenuse, is equi- 
valent to the sum of the squares A B H L, A G- K, described 
in the other two sides ; in other words, TFig. B) the square A 
contains just as many square feet or yaras as fure contained in 
the other two squares B and 0« 

Section 4. — ^The CmcLB and Measurement of Anqles. 

27. The circumference of a circle is a curved line, all the 
points of which are equally distant from a point within, called 
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the centre. Every straight line, C A, C E, ,C D, drawn from the 
centre to the circunaference is palled a radius, or semi-diameter; 
every line which, like A B, passes through 
the centre,^ and is terminated on both 
sides by the circumference, is called a 
diameter; it thus follows, that all the 
radii are equal, and all the diameters are 
equal also, and each double of the radius. 
The arc is a part of the circumference 

fhg: 

The chord of an arc is the straight line 
FG. 

The BegmerU is the surface or portion of' a oirole included be- 
tween an arc and its ciwrd. 




Fig. 28. 



28. An inscribed triangle is one which, •^^ 
like B A C, has its three angular points in 
the circumferejnce. ^ 




Fig. 29. 



29. An inscribed angle is one which has its *^ 
vertex in the circumference, and is formed by 
two chords BAG. In general, an inscribed 
figure is one of which all the angles have their 
vertices in the circumference. 




30. A secant is a. line which meets the cir- ^' *'• 

pumferenoe in two points, and lies partly 
within and partly without the circle. A B is 
a secant. 

A tangerU is a liuQ which has but one line 
in common with the circumference. D is a 
tangent. The point m, where the tangent 
touches the circumference, is called the point 
of contact. Two circumferences touching each other have one 
point in common. 




PKACTICAL aSOMBTBT. 



35 



^1. To divide a given circle into a/ny proposed number of parts 
that shaU he equal to each other, both in area and perimeter. 

Divide the diameter ^- ^• 

A B into the proposed 
number of equal parts, 
at the points ah c de. 

On A a, A 5, A c, 
A d, A e, as diame- 
ters, describe semicir- 
cles on one side of the 
diameter A B ; and on 
Be,Bdf,Bc,B6,Ba, 
describe semicircles on 
the other side of the 
diameter. Then the 
corresponding semi- 
drcles, joining each 
other as above, will 
divide the circle in the manner proposed. 




82. To divide a given circle into any number of equal parts by 

means of concentric circles. 

Let it be required Fig.82. 

to divide the clrde 
P Q into four equal 
parts. On the radius 
O H, describe a semi- 
circle ; also divide O H 
into as many equal 
parte as there may be 
required 5 then draw 
perpendicular from 
the. points of division 
to the semicircle on 
H; then with the 
centre H oji the radii 
H 6, He, &c., de- 
scribe circles, and the 
drcle is divided aa re< 
quired. 
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Fig. 84. 



33. Every diameter divides the circle and its diameter into two 

equal parts. 

Let A E B P be a circle, and A B a di- 
ameter : now if the figure A E B be ap- 
plied to A F B, their common base A B 
retaining its position, the curve line A E B 
must fall exactly on the curve line A F B, ^ 
otherwise there would, in the one or the 
other, be points unequally distant from the 
centre, which is contrary to the definition 
of a circle. 

34. If the distance^hetween the centime of two circles is eqiidl to tlie 
swm of their radii, the two drcles will touch each other externally. 

Let and D be the 
centre, at a distance 
from each other, equal 
to C A and AD. The 
centres will evidently 
have the point A, com- 
mon, and they will 
have no other; be- 
cause if they had two 
points conmion, the 
distance between their 
centres must be less than the sum of their radii. 

35. In the same circle, or in equal circles^ equal, angles having 
their vertices at the centre intersect equal arcs on the drcumr 
ference; and conversely, if the arcs intercepted cure equal, the 
angles contained hy the radii will cdso he equal. 

Let C and C be the vertices ^* ^^* 

of equal angles, and the angles 
A C B equal D C E ; since the 
angles A C B, D C E, are equal, 
they may be placed upon each 
other ; and since their sides are 
equal, the point A will evidently 
fall on D, and the point B on E ; 
but in that case, the arc A B must also fall on the arc D E ; for 
if the arcs did not exactly coincide, there would, in the one or 
the other, be points unequally distant from the centre ; whidi is 
impossible; hence the arc A B is equal to D E. 
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36. Cor. All the ancles B A C, B D 0, 
B E 0^ inseribed in the same segment, 
are equal; because they are all measured 
by the half of the same are B C. j 




37. Cor. Every angle BAD, inscribed in 
a semicircle, is a right angle; because it is 
measured by the hsdf of the semi-circumfer- 
ence BCD, that is, by the fourth part of the 
whole circumference =3 90®, that is one-half of 
180^ i of 360^ 



Fig. 37. 




38. Every angle B .0 C, inscribed in a seg- 
ment less than a semicircle, is an obtuse angle ; 
for it is measured by half of the arc B A C, 
greater than a circumference. ff 




Fig. 89. 




39. Cor. The opposite angles A and C of 
an inscribed quadrilateral A B C D, are to- 
gether equal to two right angles; for the 
ande B A D is measured by half the arc 
BCD, the angle B C D is measured by half 
the arc B A D ; hence the two angles BAD, 
B C D9 taken together, are measured by the 
half of the circumference ; hence their sum is equal to two right 
angles. 

Section 5. — ^Polygons. 

Def. KpcHygony which is at once equilateral and equiangular 
is called a regidar pok/gon; regular polygons may have any num- 
ber of sides; the equilatend triangle is one of three sides; the 
square is one of /(mr sides. 



as 
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40. To inscnhe a regidar polyg<yii of a certain numher of sides 

in a given circle, 

Bivide the circumference into as 
many equal parts as the polygon 
has sides ; for the arcs being equal, 
the chords A B, B C, D, &c., will 
also be equal; hence, likewise, the 
triangles A B, B 0, C O D, 
must be equal, because the sides are 
equal each to each; hence all the 
angles A B C, B D, D E, &c., 
will be equsJ; consequently the 
figure A B C D E, &c. will be a 
regular polygon. 




Fig. 41. 




41. To inscribe a square in a^ given 

circle. 

Draw two diameters A C, B D, cut- 
ting each other at right angles; join 
their extremities A B C D ; the figure ^, 
A B C D will be a square; for the 
angles A B, B C, &c., being equal, 
the chords A B, B C, &c., are also 
equal ; and the angles A B 0> B C B, 
&c. being semicircles, are right angles. 



42. In a given circle to inscribe a regular Tiexagon, and an equV" 

UUeral triangle. 

Suppose the problem solved. Kg. 42. 

and that A B is a side of the in- 
scribed hexagon : the radii A 0, 
B, being drawn, the triangle 
A B will be an equilateral. 
For the angle A B is the sixth 
part of four right angles : there- 
fore, taking the right angle for 
unity, we shall have A B equal 
J equal |; and the two other 
angles A B C, B A 0, of the 
same triangle, are together equal 
2 — %) QT^\} and being mutually 
equal, each of them must be equal 
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to |. Siace the triangle A B is equilateral, therefore the side 
&£ the inscribed hexagon is equal to the radius; hence to in- 
scribe a regular hexagon in a given circle, the radius must be 
applied six times to the circumference, which wUl bring us round 
to the point of beginning. And the hexagon ABC D E F 
being inscribed, the equilateral triangle ACE. may be formed 
by joining the vertices of tJie alternate angles. 



43. To inscribe a square or dtn octagon in a given circle. 

For the Square. — Draw the diame- 
ters B D and A C, intersecting each 
other at right angles; join the points 
A B, B C, C D and D A, and A B 
G J) will be the square required. 

For the Octago7i. — ^Bisect the arc 
A B of the square iix the point E, 
and the line A E, being carried eight 
times round the circumference, will 
form the octagon. If the arc A E 
be again bisected, a polygon may be 
formed of sixteen sides, and by another bisection a polygon of 
thirty-two sides, &c. 




44. To inscribe a pentagon or a decagon in a given circle. 

For the Pentagon. — -Draw the di- 
ameters Ap, n m, at right angles to 
each other, and bisect the radius 
o n in r; from the point s, with the 
distance r A, describe the arc A s, 
and from the point A, with the 
distance A s, describe the arc # B; 
join the points A jp, and the line 
A B being carried f,ve times round 
the circle, will form the pentagon 
required. 

For the Decagon. — ^Bisect the arc 
A E of the pentagon, in c, and the line A c, being carried 
ten times round the circumference, will form the decagon re- 
quired. 
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45. About a giv^ triangle A B C, to cir- 
cumscribe a cirele. 

Bisect the two sides A B, B C, with the 
perpendiculars m o and n o} from the point 
of intersection o, with the distance o A, o B, 
or o C, describe the circle A B, and it will 
be the circle required. 




46. In a given triangle ABC, 
to inscribe a circle. 

Bisect the angles A and B with 
the lines A and BO; from the 
point of intersection 0, let fall the 
perpendicular n, and it will be 
the radius of the circle required. 



Fig. 48. 




47. To circumscribe a square about a given circle, 

Draw any two diameters n o and r m at 
right angles to each other; through the 
points m o, r n, draw the lines A B, B C, 
C D; and JD A, perpendicular to r w and 
n o, and A B C D will be the square re- 
quired. 

Note. — ^If each of the quadrants be bi- 
sected and tangents drawn^ the circle will 
be an octagon. 




48. About a given circle to circum- 
scribe a pentagon. 

Find the points m n v r s, (Prob. 
43 :) then from the centre o, to each 
of these points, draw the radii o », 
o m, o V, r, o s. Through the 
points n m draw the lines A B, B 0, 
perpendicular to on, o my producing 
them till they meet each other at 
B; in the same manner draw the 
line8CD,DE,EA,andABCI)E 
will be the pentagon required. 
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49. On a given line A Bto form a regular octagcn. 

On the extremes of the given line. A B, 
erect the indefinite perpendiculars A F 
and B E ; produce A B both ways to m 
and Uj and bisect the angles m A F and 
71 B Ey with the lines A H and B C ; 
make A H and B C equals to A B, and 
draw H G, C D, parallel to A F on B E, 
and also each equal to A B. From G- D, 

as a centre, with a radius equal to A B; de- m, — ^n 3- 

scribe arcs crossing A F, B B, in F and E, and if G F, F E, and 
E D be drawn, ABCDEFGH will be the octagon required. 




50. On a given line A By to form a regvr '^s- 60. 

lar polygon of any proposed number 
of^deii. 

Divide 360° by the number of sides, 
and subtract the quotient from 180°; 
make the angles A B and B A o each 
equal to half the difference last found ; 
from the point of intersection o, with 
the distance A or o B, describe the 
circle ; apply the chord A B to the cir- 
cumference the proposed number of times, and it will form the 
polygon required. 




51. A regular inscribed 
polygon being given to 
circumscribe a similar 
polygon about the same 
cirde, 

LetCB AFB Dbe a 

regular polygon, at T, the 
middle point of the arc 
A B, apply the tangent 
G H, which will be paral- 
lel to A B; do the same 
at the jniddle point of each 
of the arcs B C,.C D, Ac. : 
these tangents, by their 
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intersections, will form the regular circnmBcribed polygon G- H, 
G K, &c.; similar to the one inscribed. Since T is the middle 
point of the arc B T A, and N the middle point of the equal arc 
B N C, it follows, that B T is equal to B JN, or the vertex of the 
inscribed polygon is at the middle point of the arc N B T. 
Draw H ; the line H will pass through the point B. 

52. On a given line A F^ to describe a regular pafygon of any 

proposed number of sideB. > 

From the .point A, with ^^8- ^^ 

the distance A F, describe 
the semicircle F B 6, which 
will divide into as many 
equal parts G- a, a B, B c, 
&c. as the polygon is to 
have sides. From A to the 
second point of division 
draw A B, and through 
the other points c, d, e, &c. 
draw the lines A C, A B, 
A E, &c. : apply the dis- 
tance A F from F to E, from E to D, and from D to C, &c., and 
join B C, C D, D E, &c., and A B C D, &o. will be the regular 
polygon required. 

53. The area of a regvlar polygon is equal to its perimekr mid- 

tiplied by half of the raditts of ^ inscribed circle. 

In the regular poly- 
gon G H J K, and N, 
O T, radii of the in- 
scribed circle. The tri- 
angle G H will be 
measured by G H, mul- 
tiplied by half of T : 
the triangle H J by 
H J, multiplied by half 
of N; but N is 
equal to T, hence the 
two triangles taken to- 

f ether, will be measured 
y GH added to H T, 
multiplied by half of 
T. And by oontinu- 
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ing the same operation for the other triangles, it will appear that 
the sum of them all, or the whole polygon, is measured by the 
sum of the bases G H, H T, &c., or the perimeter of the poly- 
gon multiplied into one-half of T, or half the radius of the in- 
scribed circle. 

Scholium. The radius T, of the inscribed circle, is no- 
thing else than the perpendicular let fall from the centre on one 
of the sides; it is sometimes nam^ the apothem of the polygon. 

Perimeter. The sum of the sides, the circumference. 

Vertex. Zenith, point oyer-head, top. 

CoNYHX. Easing in a circular form^ outside. 

CoNOAYE. Hollow on the inside. 



11^54. 



54. To detcrihe a circle within or 
rmihout a regular polygon. 

Bisect any two angles ADD, 
E D C, by the lines E G, D G, 
and from G- let fall G F, perpen- 
dicular to the side E D. Then 
with the radius G E, describe the 
outer circle, and with the radius 
G F, describe the inner circle. 




65. To describe an ellipsis or oval. 

Draw two parallel lines, as I and m, at '^- ^• 

a moderate distance ; then draw two others 
at the same distance across the former, as 
n and o; by the crosring of their lines 
will be made a figure A B C I), of four 
sides; extend the dividers at pleasure, and 
setting one foot in D describe the arch 
cde; with Ihe same extent set one foot 
in B, and describe the arch fg h; then set 
one foot in 0, and contract them so as to reach the point 6, and 
describe the arch h m'y with the same extent and one foot in A 
describe the arch i k, and the oval will be complete^. In the 
same manner, with a greater or less extent of chord, may a 
greater or less oval be made by the same four-sided figure. 
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Another Msffiod, 

56. Divide A B into three equal parts, ^^8- ***• 

A C, C D, D B ; and from the points 
C, D, with the radii C A, D B, describe 
the circles A G D E and C H B F. 
Through the intersections m, n, and 
centres C, D, draw the lines w H, n E ; 
and from the points n^ m, with the radii 
n E, m H, describe the arcs E F, H G, and AG H B F E will 
be the oval required. 





Pears. 



Bemauks.— In the following review, which should be by a 
class of from four to teii, there should be a black-board of suffi- 
cient length to accommodate all, and each pupil should represent 
the figure with chalk on the board, and then give the demonstra- 
tion which he is presumed to have learned previous to recitation. 



REVIEW. 

1. How will you describe the ^cumferenoe of a given centre and 
radius? (Draw the figure on the board.) 2. Howinll you divide a 
giYon line into two equal parts ? 3. How will you erect a perpendicular 
on a giyen point and line ? 4. When the point is at or near the middle 
of the line? 5. How will you let £b^I a perpendicular from a given 
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point ftnd giyen line ? 6. How will yon draw « line parallel to a giyen 
line ? 7. If two straight lines are perpendicular to a third line, will 
they be parallel to each other ? 8. £f two straight lines are parallel to 
a third fine, will they be parallel to «ach other ? 9. Are two parallels 
everywhere equally distant? 10. Can more than one perpendicular be 
drawn from a given point without a straight line ? 11. How will you 
draw a parallel through a given point to a given straight line ? 12. In 
a parallelogram are the opposite sides and angles equal? IB. What is 
a quadrilateral ? A pa^^dlelogram ? 14. How will you make an angle 
equal to any number of degrees ? 15. How will you make, a triangle 
from three given lines ? 16. How will you divide a given angle into 
two equal parts ? 17. How will you divide a right angle into three 
equal parts ? 18. At a given point, how will you make an angle equal 
to a given angle ? 19. On a g^ven right line, how will you make an 
equilateral triangle ? 20. On two given lines, how will you find the 
third proportional? 21. How will yo;u divide a given line proportion^ 
ally ? 22. How will you describe a square on a given line ? 23. How 
wiU you describe a rectangle that shall be equal to. two given lines? 
24. On a given line, how will you describe a rectangle that shall be 
equivalent to a given rectangle? 25. Will two diagonals in a parallelo- 
gram bisect each other ? 26. If you describe a square on the hypote- 
nuse of a right-angled triangle, wHl it be equivalent to the sum of the 
squares described on the other two sides ? 27. What is the circumfer- 
ence of a circle? Radius? Arc? Chord? Segment? 28. What is 
an inscribed triangle? 29. An inscribed angle ? 80. What is a secant ? 
A tangent? 81. How will you divide a given circle into any proposed 
number of equal parts, &c. ? 82. How will you divide a given circle 
into any number of equal parts by means of concentric circles? 
83. Will any diameter divide a circle into two equal parts ? 34. When 
will two circles touch each other externally ? 85. What of equal circles 
and equal angles having their vertices in the centre ? 86. Are all the 
angles equal inscribed in the same segment? 87. What of an angle in- 
scribed in a semicircle? 88. What of an angle inscribed in a segment? 
89. What of the opposite angles of an inscribed quadrilateral ? What 
is a polygon ? 40. How will you inscribe a regular polygon of a 
certain number of sides in a given circle ? 41. How will you inscribe 
a square in a given circle ? 42. In a given circle, how will you in- 
scribe a regular hexagon, and an equilateral triangle ? 48. How will 
you inscribe a square or an octagon in a given circle ? 44. How will 
you inscribe a pentagon or decagon in a given circle ? 46. How will 
you circumscribe a circle about a given triangle ? 46. How will you 
inscribe a circle in a given triangle ? 47. How will you circumscribe 
a square about a given circle ? 48. How will you circumscribe a pen- 
tagon about a given circle ? 49. How will you form a regular octagon 
on a given line? 50. How will you form a regular polygon of any pro- 
posed number of sides on a given line ? 51. A regular inscribed poly- 
gon being given, how will you circumscribe a similar polygon about the 
same ciircle ? 52. On a given line, how wi]| you describe a regular 
polygon of any |)roposed number of sides ? 68. Is the area of a regular 
polygon equal to its perimeter ? 64. How will you describe a circle 
either within or without a regular polygon? 55. jSow will you de- 
scribe an ellipsis or oval ? How by the second method ? 
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Mmsaration of |u|ierfn:te0. 



a 



6 feet 






C3 



Superficies or surfaces are 
measured by the superficial inch, 

foot, yard, &c., according to the^ ^ | 

measures peculiar to different | 
artists. 

The area, or superficial con- 
tent of any figure, is the space 
contained within the lines by 
which the figure is bounded, as 
in the rectangle A B C D, or by the number of squares con- 
tained in it. 

The superficial inch, foot, &c., is one inch, one foot, &c. in 
len/gtlh and hreadth; and because 12 inches make 1 foot of long 
measure, therefore 12 x 12 = 144 inches make one superficial 
foot, and 3 x 3 =s 9 feet, one superficial yard, &c. 



A 

6x3 = 18 feet. 
(A P) X (B C) = A B C D = 18. 



Square. 



Problem 1.-^The Square. 

To find the area of a square, 

Kule. — ^Multiply the side by itself; the product will be- the 
area in such terms as correspond with the measure of the sides. 

1. How many square feet in a garden 35 feet 
iMjuare ? 

Thus, 35 X 35 =* 1225 feet. Answer. 

2. How many agres in a piece of land 60 rods 
square ? 

(60 X 60 = 3600 -^ 160 = 22-5 acres.) 

3. Eequired the area of a square whose side to vi 2=1 44 * 




is 5 feet 9 inches. 



^•75 « 9 in. 
5^75 X 



(AB)x(AB.) 



Feet, 33-0625 > 
12 X 

In. 0-7500 
12 X 

Parts, 9-0000 
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4. What is the area of a square whose side is 35*25 chedns ? 
Thus, 35*25 x 35-25 «= 1242*5625 square chainS; and 

1242-5625 ^ 10 « 124-25625 acres, or 124 acres, 1 rood, 

1 pole. Ans. 

5. What is the content of a square field whose side is 46 rods ? 

Ans. 13 a. p. 36 po. 

6. What is the area of a square whose side is 8 ft. 4 in. ? 

'^ By duodecimals, 69 ft. 5'. 4". Ans. 

7. What is the area of a square field whose side is 50 perches? 

Ans. 15 a. 2 r. 20 po. 

8. How many men can stand on 9 acres of land, each occupy- 
ing a space of 3 feet square ? 

Problem 2. 

The, area of a square being given, to find the length of the side. 

RmiE. — ^Extract the square root of the area. 

1. The area of a square is 1728 feet, what is the length of the 
side? 

^1728 = 144 feet, the side i*equired. 

2. How many chains in length is the side of a square contain- 
ing 125 acres? ^125000000=35*3553+ Ans. 

3. What is the^ side of a square field whose area is 7 acres ? 

Ans. 8*3666 chains. 

4. What is the side of a square floor whose area is 1024 feet? 

Ans. 32 feet. 

5. Required the side of a square field whose area is 12 acres, 

2 roods, 16 pdles. 

Problem 3. 

The diagonal of a square being given, to find the area, 

Rule. — Square the diagonal and divide by 2, and the quotient 
will be the area. 

1. The diagonal of the square A B C D ^ 
is 12 chains; required the area. 

12xl2«144^2»72-hl0«7a. 
r. 32 p. Ans. 

2. The diagonal of a square is 16 chains; 
what is the area ? Ans. 12 a. 3 r. 8 po. 

3. The diagonal of a square is 12 yards; 
required the side ? Answ 72. a 

4. How many acres are contained in a square field whose di- 
agonal is 40 chains ? Ans. 80 aciea. 
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5. How many acres are contained in a square field whose di* 
agonal is 55 chains ? 

Problem 4. 

Tlie area of a square heing given, to find the diagonal. 

Rule. — ^Extract the square root of double the area. 

1. The area of a square piece of land is 84 acres, 2 roods, 
16 poles ] required the diagonal. 

64 a. 2 r. l6 po. « 10336 X 2 » 20372} » 142+po. Ans. 

2. The area of a square is 128 yards ; what is the diagonal ? 

' Ans. 16 yards. 

3. The area of a square piece of land is 14 acres, 2 roods, 
6 poles ; required the diagonal. 

Ans. 68-20+ poles. 

4. The area of a square meadow is 11 acres ; what is the di- 
agonal ? Ans. 59-32 poles. 

5. The area of a square field of wheat is 52 acres, 3 roods^ 
16 poles ; required the diagonal. 

Problem 5. 
The diagonal of a sqiuire being given^ to find the side, 

* 

EuLE. — rSquare the diagonal, and extract the square root of 
half the square. 

1. The diagonal of a square is 42 feet; required the side. 
Thus, 42 X 42 = 1764 -*- 2 = 882 ; ^882 « 29-69 + feet 

Answer. 

2. The diagonal of a square is 48 yards ; required the side. 

Ans. 33-9411 yards. 

3. The diagonal of a square is 72 chains; what is the side ? 

50-9116 chains. 

4. What is the side of a square piece of land whose diagoinal 
is 36 perches ? Ans. 25*4558 perches. 

5. The diagonal of a square is 94 chains ; what is the side ? 

Problem 6. 

To cut off a given area from a sqtuire, parallel to either tide* 

KxjLE. — ^Divide the given area by the length of the side, the 
quotient will be the length of the other side to be cut off. 
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1. What length must b^ cut from the square 
A B C D, whose sides are 30 chains, to have 
an area A B O P of 45 acres ;at the end ? 

Thus, 450 chains -^ 30 » 15 chains. Ans. 

2. The sides of a square are 22 feet ; what 
must be the length of another side to give an 
area of 132 feet ? Ans. 6 feet. ' 

3. The sides of a square are 35 yards ; required the length of 
another side to give &n area of 280 yards. Ans. 8 yards. 

4. The sides of a square ard^ 62 poles; what must be the 
length of another side to give an area of 2790 square poles ? 

Ans. 45 poles. 

5. What length must be cut off from a square field whpse sides 
are 125 perches^ to have an area of 50 acres? 

Ans. 64 perches. 




Problem 7. — ^The Baotangle. 

The Ufngtk and hreadlh of a rectangle being given, to find the 

atea, ^ 

Rule. — ^Multiply the length by the breadth, and the product 
will be the area. 

1. What is the area of the rectangle 
A B C D, whoge length A B is 16-5 feet, 
and breadth B C, 12-5 feet? 

Thus, 16-5 X 12-5 « 206-25 feet. 

2. What is the area of a rectangular 
board whose length is 112, and breadth -^- 
9 inches ? Ans. 84 square feet. 

3. What is the area of a rectangle whose base is 14 feet 
6 inches, and breadth 4 feet 9 inches : 

Ans. 68 sqr. ft. 10' 6", (or by decimals.) 

4. How many acres are contained in a rectangular piece of 
land whose sides are 46 and 58 chains ? 

Ans. 266 a. 8 r. 8 po. 

5. The longest side of a rectangular field is 24 rods, and the 
shortest 16 ; required the number of acres. 

Ans. 2 a. 1 r. 24 po. 

6. How many square feet in a board 14 feet long, and 15 inches 
wide f . Ans. 17*5 feet. 

7. How many acres in a rectangular field whose sides are 
36 and 18 chains ? Ans. 64 a. 3 r. 8 po. 

6 
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Problem 8. 

The areOf and either side of cC^ rectangle bein^ given, to. find th^ 

other side. 

Rule. — ^Divide the area by the given side, and the quotient 
will be the other side. 

1. The area of a rectangle is 576 feet, &nd the length 40 feet ; 
required the breadth. 576 -5- 40 = l4'4 ft. .the breadth. Ans. 

2. The area of a rectangle is 846 chains, and its length 
42 chains; required the breadth. Ans. 20 ^ chains. 

3. The area of a rectangle is 684 poles, and the length 
45 poles; required the breadth. Ans. 15-2 poles. 

4. The area of a rectangle is 946 yards, and the shortest side 
24 yards; required the longest side. Ans. 39-8+ yards. 

5. The area of a rectangle is 1928 feet, and the breadth 
42 feet; required the length. 

Peoblem 9. 

The area, and the proportion of tJie two sides of a redangle being 

given, to find the sides. 

Rule. — ^Multiply the area by the greater number of the pro- 
portion, and divide the product by the less; the square root of 
the quotient will be the length ; then multiply the length by the 
less number of the proportion, and divide the product by the 
greater, the quotient will be the breadth. 

1. The area of a rectangular piece of land is 432 acres, and 
the length is to the breadth as 5 to 3 ; required the sides. 

Thus, 432 X 4 X 40 « 69120 perches X 5 « 345600 -4. 3 = 
115200. 

And, ^115200 = 339-41125 perches, the length. 

Then, 339-41125 x 3 - 1018-23375 -^ 5 « 203-64675 per. 
the breadth. 

2. The area of a rectangle is 28 acres, and the breadth is to 
the length as 4 to 7 ; required the sides. 

Ans. 12-6491, and 22-1359 chains. 

Problem 10. 

The sides of a rectangle being given, to cut off a given area pa^ 

rallel to either side. 

Rule. — ^Divide the area by the side which is to retain it$ 
length or breadth, and the quotient will be the length or breadth 
of the other side. 
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1. The sides of the rectangle A B C D 
are 17*14 and 11*22 chains; what must 
be the length to Mve an area B G O P 
of 12 acres adjoining the breadth ? 

Thus, 120 000 chains 4- 11 22 « 
10-6951+ chains. Ans. 

2. The sides of a rectangle are 180 
and 75 perches; what must be the breadth so as to leave 22*5 
acres adjoining the length ? Ans. 20 poles. 

3. The sides of a rectangle are 12 and 18 yards; what must 
be the length to leave 28 square yards adjoining the length ? 

Problem 11. — ^The Ehombus. 

To Jind the area of a rhonnhm. 

Bulb. — ^Multiply the length by the perpendicular height, and 
the product will be the area. 

1. The length of a rhombus A B is 
12*5 feet, and the perpendicular height 
DO, 10*75, feet; required tlie area. 

Thus, 10*75 X 12-5 = 134-375 feet. 

2. The length of a rhombus is 25} yds. 
atid the perpendicular height 21} yards; 
Inquired the area. Ans. 548-25 yds. 

3. What is the area of a rhombus whose length is 19 chains, 
and height 15 chains ? Ans. 28 a. 2 r. 

4. What is the area of a rhombus whose base is 12-25 yards, 
and altitude 8*5 yards? Ans. 104*125 square yards. 

5. What is the area of a rhombus whose base is 10*5 chains, 
and altitude 14*28 chains ? Ans. 14 a. 3 r. 30 po. 

Tlie Rhomboid. (See preceding rule.*) 

1. What is the area of a rhomboid whose length is 7 feet 
9 inches, and height 3 feet 6 incites ? 

Thus, 7*75 X 3-5 == 27*125 square feet. 

2. Bequired the area of a rhomboid whose length is 10*51 
chains, and breadth 4*28 chains? 

Ans. 44*9028 square chains =4 a. 1 r. 39*7248 po. 

3. How many acres are contained in a rhomboid whose length 
is 130 perches, and height 57 perches ? 

Ans. 46 a. 1 r. 10 po. 

* The same rule is applied to the square, rectangle, rhombus, rhomboid, 
and parallelogram, to find the area. 
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Area of the parallelogram. (Riile as above.) 

4. Required the area of a parallelogram whose base is 12 feet 
6 incheS; and altitude 9 feet 3 iiiches. 

Ans. 115 square feet, 7' 6". 

5. What is the area of a parallelogram whose base is 8*75 
chains, and altitude 6 chains? Ans. 5 a. 1 r. p. 

Problem 12. 

The area of a rhombus or rhomboid j and the length of the side 
being given, to Ji?id*ihe perpendicular height; or the area and 
height being given, to find the length of the side, 

EuLE. — ^Divide the area by the length of the side, and the 
quotient will be the perpendicular hei^t; or divide by the 
height, and the quotient will be the length of the side. 

1. The area of a rhombus is 25 perches, and the leipigth of the 
side 4 '5 perches; required the perpendicular height. 

Ans. 5-656 4- perches. 

2. The area of a rhomboid is 6 acres, 1 rood, 20 poles, and 
the length of the side 35 perches; what is the height? 

Thus, 6 a. 1 r. 20 po. = 860 po. -^ 35 = 24-57 + perches. 

3. The area of a rhomboid is 1776 square feet, and the height 
24 feet ; what is the length ? Ans. 74 f(jet. 

4. The area of a rhombus is 6 acres, and the height 7 chains; 
required the length of the side. 

Problem 13. — ^The Triangle. 

Tofijid the area of a triangle, when the base and perperidicular 

height are given. 

Rule. — Multiply the base by the perpendicular height, and half 
the product will be the area. Or, which is the same. Multiply 
the base by half the altitude, and the product will be the area. 

1. Required the area. of the triangle 
ABC, whose base A B is 10-75 feet, 
and altitude C D, 7-25 feet. 

Thus, 10-75 X 7-25 = 77-9375 -5-2=. 
38-96876 area. 

Or, 10-75 X 3-625 == half the altitude 
« 38 -96875 area. 

2. Required the area of a triangle 
whose base is 10*5 feet, and height 7 feet 9 inches. 

Ans. 40 ft. 8 in. 2 parts. 
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3. Required the area of a triangle whose base is 12*25 chains, 
and height 8*5 chains. Ans. 5 a. r. 33 po. 

4. What is the ar^ of a triangle whose base is 16*75 feet, and 
height 6*24 feet ? Ans. 52 ft. 3 in. 1 po. 

5. Required the number of square yards in a triangle whose 
base is 40 and altitude 30 feet. Ans. 66| yards. 

6. What is the content of a triangular field whose base is 
25*01 chains, and perpendicular 18*14 chains? 

Ans. 22 a. 2 r. 29 po. 

7. What is the area of a triangular field whose base is 
24 i chains, and height 18 chains? Ans. 22 a. r. 8 po. 

Note. — ^The perpendicular height of the triangle is equal to 
twice the area divide by the base ; also, a triangle is naif a 
parallelogram of the same base and altitude; hencfe the truth of 
the rule. 

Problem 14. 

The three sides of a triangle being given, to find the area. 

Rule 1. — ^Add the three sides together, and take half their sum. 

2. From this half sum take each side separately. 

3. Multiply together the half sum and each of the three re- 
mainders, and then extract the square root of the product, which 
will be the required area. 

1. Required the area of the tri- 
angle ABC, whose three sides 
A B, B C, C A are 15, 13, 14 
feet. 

Thus, 15 + 13 + 14 = 42 -H 
2 as 21, half the sum of the sides. 

Then 21 — 13 « 8, first differ- ^ 
ence, or remainder, 

21 — 14 = 7, second difference, or remainder. 
21 — 15 =;= A, third «/ " « 

Then, 21 X 8 XT X 6 « 7056 ; and ?/7056 ^ 84 feet, area 
required. 

2. Required the area of a right-angled triangle, whose hypote- 
nuse is 50 yards, and the other two sides 30 and 40 yards. 

Anfi[. 600 yards. 

3. The sides of a triangular field are 49 chains, 50*25 chains, 
and 25*69 chains ; required tiie area. 

Ans. 61 a. 1 r. 39*68 po, 

4. What is the area of an equilateral triangle whose side is 
25 feet? Ans. 270*6329 square feet. 
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5. What is the area of a triangle whose sides are 22*2^ 38, and 
401 feet ? Ans. 413T114 feet. 

Peoblem 15. 

Antf two sides of a right-angled triangle being given, to find the 

third side. 

Rule 1. — 1. Square each of the sides separately. 

2. Add the squares together. 

3. Extract the square root of the sum, which will be the hi/- 
potenuse of the triangle. 

Rule 2.-— The square root of -the difference of the square of 
the hypotenuse, and either side, will give the other. 

Rule 3. — Or multiply the sum of the hypotenuse, and either 
side, by their difference, and the square root of the product will 
give the other. 

1. The base of a right- 
angled triangle A B is 50 feet, 
and the perpendicular B C, 
36 feet; required the length 
oi the hypotenuse. 

Thus, 50 X 50 = 2500 -, 36 ^, 
X 36 = 1296 + 2500 = 3796. Baw. 

And ?/3796 = 61-6+ feet. Ans. 

2. The hypotenuse of a right-angled triangle is 242 feet, and 
the perpendicular 182 feet ; required the base. 

Thus, 242 X 242 = 58564 ; 182 x 182 = 33124 ; 58564 - 
33124 = 25440. And ^25440 « 159-4989 feet, baae. Ans. 

3. The base of a right-angled triangle is 77 yards, and the 
perpendicular 36 yards ; required the hypotenuse. 

* Ans. 85 yards. 

4. The hypotenuse of a right-angled triangle is 109 yaxds, and 
the perpendicular 60 yards ; required the base. 

Ans. 91 yards. 

5. The hypotenuse of a right-angled triangle is 25 chains, and 
the base 20 chains; required the perpendictdar. 

Ans. 15 chains. 

6. The height of a precipice near thie side of a river is 108 feet, 
and a line of 320 fe^t will reach from the top of it to th^ oppo- 
site bank; required the breadth of the riyer, 

Ans. 302-9703 feet. 

7. Required the length of the hypotenuse of a rightrangled 
triangle, if it be 7 feet longer than the perpendicular, when the 
base is 30 feet. ' 
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Thus, 30 X 30 = 900 + 7 X 7 = 949 -5- 7 x 2 = 67-8 feet! 
Answer. 

8. The height of a tree standing perpendicularly on a plane is 
120 feet ; at what height must it brea^ off, so that the top may 
rest on the ground 40 feet from the base, and the place broken 
on the upright part. 

Note. — ^Square the sum, subtract the squiare of the base, and 
divide the remainder by twice the hypotenuse, &c. 

Thus, 120 X 120 =c 14400 - 40 x 40 =;= 1600; then 12800 
-T- (120 X 2) = 63-33 feet. Ans. 

9. Tha hypotenuse of a right-angled triangle is 315 feet, and 
the base 289 feet ; required the perpendicular. 

Ans. 991160 feet. 
10^ Two ships sail from the same port, one due east, 60 miles, 
the other due north, 80 miles; how far are they apart? 

Ans. 100 miles. 



Problem 16. 

The sum of the hypotenuse atid perpendiculary and the base of a 
right-angled triangle being given, to find ike hypotenuse and 
the perpendicular. 

Rule. — To the squaire of the sum add the square of the base, 
and (Jivide the number by twice the sum of the hypotenuse and 
perpendicular, and the quotient will be the hypotenuse. Sub- 
tract the hypotenuse from the sum of the hypotenuse and per- 
pendicular, and the remainder will be the perpendicular. 

1. A tree 100 feet high, growing perpendicular on a plane, 
was broken off by a blast of wind ; the broken pjBurt resting on 
the upright, and the top on the ground 30 feet from the base ; 
required the length of the upright part. 

Thus, 100* + 303 =*r 10900 ^ (100 x 2) 64-5 feet. Ans. hy- 
potenuse. 

100 -^ 54*5^45*5 feet, the perpendicular. 

2. The sum of the hypotenuse and perpendicnlar is 240 yards, 
and the base 80 yards; required the perpendicular. 

Ans. 106| yaids. 

Problem 17. 
To find the area of cm equilateral triangh, 
BiTLE. — ^Multiply 1^6 square of the Ade by 488OIS9 and the 



product will be the area. 4 
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1. How many acres in the equilate- 
ral triangle whose sides are 40 rods ? 

Thus, -433013 x (40 X 40 = 1600) 
» 692-8208, area in rods -4- 160 = 
4-33013 acres. Ans. 

2. Reqidred the area of an equi- 
lateral triangle whose side is 25 rods. 

Ans. 270-6329 rods. 

3. What is the area of an equilate- "' 40 
ral triangle whose side is 80 perches ? Ans. 17-3205 acres. 

4. How many acres are contained in an equilateral triangle 
whose side is 16 chains? Ans. 11 a. r. 13-6212 po. 

5. What is the area of an equilateral triangle whose side is 
25 feet ? Ans. 270-6829 square feet. 



Pboblem 18. 

The side of an equilateral triangle ffiven, to find the perpen- 
dicular, 

EuLE. — ^From the square of the given side, subtract the square 
of, half the side^ and the square root of the' remainder wiH be the 
perpendicular. 

1. Bequired the length of a perpendicular, •^ 

let fall from A to B, when the length of the' 
side is 12 chains. 

Thus, 12* « 144 - (62 =:: 36) half the side. 
»108 : v'lOS » 10*3923+ chains. Ans. ^ 

Hie area of an equilateral triangle and the per^ 
pendicular given, to find ihe tide. 

Rule, — ^IHyide the area by the perpendicular, and the quo- 
tient will be the length of the side. 

1. The area of an equilateral triangle is 1 acre, 2 roods, 
15 poles, and the perpendicular is 21*26 poles ;> inquired the 
length of the side. 

Thus, 1 a. 2 r. 15 po. X 2 ;s 510 -$- 21*26 » 23*9887 + 
poles. Ans. 

The area of an equilateral triaogle being g%v0n>f to find the tide. 

Rule. — ^DiTideiha area by the deoinud *483018, and extract 
ihe sqiiare root of the quotient. 
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1. The area of an equilateral triangle is 4 acreS; 2 roods, 
5 poles ; how many chains is the length of the side ? 

Ans. 10*229 chains. 



Problem 19. 

To find the area of an isosceles triangUf having the length of the 

side given. 

BuLE. — ^Prom the square of one of the equal sides subtract 
the square of half the unequal side, and the square root of tjie 
remainder will be the length of the pei^ndicular let fall from 
the vertical angle to the centre of the base or uiiequal ridej 
multiply half the length of the base by the perpendicular, and 
the product will be the area. 

1. The two equal sides of an isosceles 
triangle A B C are 24 feet, and the base 
32 feet ; how many square feet does the 
triangle contain ? 

Thus, 242 = 576 : 32 -^ 2 = 16 half ^^ ^ 

the base, 16^ = 256 square of the base. ' — 7E "^ 

Then 576 — 256 = 320; and x/320 = 17-9 nearly; length 
of perpendicular. 

And 17-9 X 1^ half the base = 286*4 feet. Ans. 

2. Required the area of an isosceles triangle whose base is 
20, and each of its equal sides 15. Ans. 111*803. 



The area of an isosceles triangUy and the length of the base heiiig 
given, to find the length of each of the equal sides. 

Rule. — ^Divide twice the area by the bi|se, and the quotient 
will be the perpendicular; then to the square of the perpendicu- 
lar add the square of half the unequal side, and the square root 
of the sum will be the length of each of the equal sides. 

1. The area of an isosceles triangle is 48 rods, and the length 
of the base 8 rods; required the length of each of the equal 
sides* 

Thus, 48 X 2 = 96 -^8 = 12 per. 12 x 12 = 144 : 8 x 8 =» 
64 square of the base. 64 -5- 2 = 32 + 144 = 176 ; and ^7176 
« 13*26 rods. Ans. 

2. The area of an isosceles trian^e is 5 acres, and the length 
of the base 20 rods ; required the length of the equal sides. 
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Problem 20, 

To find the area of a scalene triangle, ^ base and perpendicular 

being given. 

KuLE. — Multiply the base by half the perpendicular^ and the 
product will be the area. 

1. The base pf the scalene tri- 
angle A B C is 18 rods, and the 
perpendicular C D is 9 rods ; re- 
quired the number of square rods 
in the triangle. 

Thus, 18 X 45 == 81 rods. Ans. 

2. The three sides of a scalene 
triangle are 12, 16, and 20 rods; how many square rods does it 
contain ? / Ans. 96 rods. 

3. What is the area of a triangle whose base is 20 feet, and 
height 10-26 feet ? Ans. 102-5 feet. 




Problem 21. 

The dredi, and the base of any triangle being given, to find the 
perpendicular height. Or Uie area and height being given, to 
find the base, 

BuLE. — ^Divide twice the area by. the base, and the quotient 
will, be the perpendicular height. (Prob. 19, Rule 2,) Or di- 
vide by the height, and the quotient will be the base. 

1. The area of a triangle ABO 
is 2 acres, 2 roods, 16 poles, and the 
base A B, 16 perches ; what is the 
perpendicular height DC? 

Thus, 2 a. 2 r. 16 po. «= 416 x 
2 « 832 -T- 16 « 52 perches, the 
height. Ans. 

2. The area of a triangle is 475 -^5 yards, and the perpendicular 
16*5 yards; required the base. 

Thus, 475-5 X 2 = 951 ^ 16-5 = 57-63+ yards. Ans. 

3. Th^^area of a triangle is 5 acres, roods, 33 poles, and the 
perpendicular 28-5 poles; required the base. 

Ans. 58-4561 poles. 
^ 4. The area qf a triangle is 976-84 poles, and the perpen- 
dicubr 34 poles; required the base. 

5. The area of a triangular field is 4-7585 acres, and the per- 
pendicular 8-16 chains; required the ba^p. 
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Problem 22. . 

The hose and perpendicular of any plane triangle being given, to 
find the fide of die inscribed square, 

Rule. — ^Divide the product of the base and perpendicular by 
their sum, and the quotient will b^ the side of the inscribed square. 

1. The base A B of a tri- 
angle is 16 feet, and the per- 
pendicular, D C, 24 feet; whft 
is the side E F of the inscribed 
square? 

Thus, 24 X 16 s=384; 16+ 
24 = 40; 384 -i- 40 « 9-6 ft. 
Answer. 

2. The base of a scalene tri- A 
angle is 30 yards, and the per- 
pendicular 20 yards ; required the side of the inscribed square. 



B 


A 


c 


\ 


/ 


It 


« 


Gr JD 


^ > ' 




Problem 23. — ^The 1'rapezium. 

To find the area of a trapezium. 

Rule. — ^Multiply the diagonal by the sum of the two perpen- 
diculars falling upon it from the opposite angles, axA half the 
product will be the. area. 

1. Required the area of a trapezium 
whose diagonal A B is 80*5, and the 
perpendicular C, 24*5, and D, 30*5. 

Thus, 24*5 + 30*1 *» 54*6, the sum 
of the perpendiculars. 
Then 54*6 x 80*5 » 4395-30 -*- 2 = 2197*65. Ans. 

2. How many acres in a trapezium whose diagonal is 33 rods, 
and the sum of the perpendiculars 24 rods ? ^ 

Ans. 2 a. 1 r. 36 po. 

3. What is the area of a trapezium whose dia&onal is 108 feet 
6 inches, and the perpendiculars 56 feet 3 inches, and 60 feet 
9 inches ? Ans. 6347 fb. 3 in. » 23*314 sq. feet 

- 4. Required the area of a trapeziiim whose diagomd is 33 
perches, and the perpendiculars 14 perches, and 23 perches. 

Ans. 2 a. 1 r. 

5. Required the area of a trapezium whose diagonal is 46 
perches, and the perpendiculars 24 and 32 perches. 

6. What is the area in acres of a trapezium whose diagcmal ii 
60 perches, and the perpendiculars 28 and 40*5 perches? 
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Pkobldm 24.-1-THB Trapezoid. 

To find the area of a trapezoid. 

Rule. — Multiply the sum of the two parallel sides by the per- 
pendicular distance between them, and half the product will be 
the area. 

1. Required the area qf the tra- 
pezoid A B C D, whose parallel 
sides D C and A B are 8*22 chains 
and 12*41 chains, and the perpen- 
dicular distance D 111, 5*15 chains. 

Thus, 12-41 -{- 8-22 = 20 63 = 4I 
the sum of the parallel sides. 

Then 20-63 x 5;15. == 106-2445 = 2 = 5312225 sq. chains 
3B5 5 a. 1 r. 9-956 po. Ans. 

2. Required the area of a trapezoid whose parallel sides are 
20*5 and 12*15, and perpendicular distance 10*75. 

Ans. 176-03125. 

3. The perpendicular distance between the two parallel sides 
of a trapezoid is 4*5 rods, and the length of the parallel sides are 
12*75 rods, and 16 '67 irods; required the number of square 
rods. Ans. 66*195 square rods. 

4. Required the area of a trapezoid who8& parallel sides are 
24*46 chains, and 38*4 chains, and the perpendicular distance 
16*2 chains. Ans. 50 a. 3 r. 26 po. 

5. Required the area of a- trapezoid whose parallel sides are 
27*5 chains, and 12*25 chains, and the perpendicular distance 
15*40 chains. Ans. 15 a. r. 32*2 po. 

6. What is the content when the parallel sides are 20 and 
32 chains, and the perpendicular distance 26 chains ? 

Ans. 67 a. 2 r. 16 po. 

7. What i^ the area of a trapezoid whose parallel sides are 
42 chains and 56 chains, and the perpendicular distance 68 chains? 

8. Required the area of a quadrilateral in which the dia^nal 
18 42 feet, and the two perpendiculars 18 and 16 feet. 

18 + 16 » 34; 42 xB4 » 1428 -i- 2 « 714. An^. 

Problem 25. — Polygons. 

To find the area of a> regtdar polygon. 

Rtjle. — ^Multiply the perimeter, or sum of all the sides of the 
figure by the perpendicular fidling from its centre upon one of 
the sides^ and half the product wiU be the anea. 
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1. Beqoired the area of the regular 
pentagon ABODE, one of whose equal 
sides A B, B C, &c., is 30 yards, and 
the perpendicular P, from its centre, 
20-5 yards. 

Thus, 30 X 5 num. sides = 150 x 20-5 
perches = 30750 -%-?=» 1537-5. Ans. 

2. Bequized the area of a regular hexi- 
gon (6 sides) whose side is 14-6 feet, and 
perpendiculiur 12*64 feet. 

Ans. 553-632 feet. 

3. Bequired the area of an octagon whose side is 9-941, and 
perpendicular 12. Ans. 477-168. 

4. How many acres are contained in a regular heptagon whose 
sides are each 19-38 chains, and perpendici^ 20 chains ? 

Ans. 135*66 acres. 




To find ike area of a regvlar polygon when one o/lu equal sides 

only is given, 

BuLE. — Multiply the square of the side of the polygon by the 
number standing opposite to its name in the following table, and 
the product will be the area. 



Mo. of 
sides. 


Names. 


Areas, or 
Multipliers. 


Radius of 
inscribed drde. 


3 

4 

5 

6 

7 

8 

9 

10 

11 

12 


Trigon, or equil. A 

Tetragon, or square 

Penti^on 

Hexagon 

Heptagon 

Octagon 

Nonagon 

Decagon 

Hendecagbn 

Duodecagon 


0-433013 
1000000 
1-720477 
2-598076 
3-633912 . 
4-828427 
6181824 
7-694209 
9-365640 
11-196152 


• 0-288675 
0-500000 
0-688191 
0-866025 
1-038262 
1-207107 
1-378739 
1-638842 
1-702844. 
1-866025 



Note. — ^The multipliers in the table are the areas of the poly- 
gons to which they belong, when the side is unity, or 1 j hence 
the square of the side of any polygon multiplied by its tabular 
number is the area of the polygon. 
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1. The side of a regular pentagon is 12 feet; what is the 
area? 

Thus, 12 X 12 = 144; 1-720477 X 144 « 247-748688 feet, 
the area. 

2. Th0 side of a regolpr hexagon is 24 feet ; what is its area? 

Ans. 1496-4917 feet. 

3. What is the area of a regular nonagon whose side is 
36 inches? Ans. 8011-6439 inches. 

4. The side of a pentagon is 25 feet; required the area. 

' 1075-298. Ans. 

5. What is the area of a heptagon whose side is 16 feet ? 

930-28. Ans. 

6. The side of a hexagon is 24 feet; required the area. 

1496-49. Ans. 

7. How many square yards in- an octagon whose side is 
12 feet 6 inches? ^ Ans. 83-8268+ sq. yards. 

8. How many pieces each 4 inches square, may be cut firom a 
decagon whose side is 12 inches? Ans. 69*248 pieces. 

9. Each side of a duodecagon is 9 inches ; how many square 
feet does it contain ? Ans. 62*98. 

10. Eequired the area of a pentagon whose side is 15 ? 

Ans. 387*107325, area. 

11. Eequired the area of an octagon whose side is 16. 

1236-0773. Ans. 

12. Eequired the area of a nonagon whose side is 36. . 

8011*6439. Ans. 



Problem 26. 

When the area of any regular polygon is given j to find the side, 

EuLE. — ^Divide the area by the number in the table corre- 
sponding with the figure, and the square root of the quotient will 
be the length of the side. 

1. The area of a regular pentagon is 4 acres; how many 
perches are contained in the side? 

Thus, 160 X 4 acres = 640 perches ; then 640 -5- 1-720477 « 
^371-9898 « 19-2870 perches, the length of the side. 

2. Eequired the length of the side of a hexagon containing 
1 acre. Ans. 7-8476 perches. 

3. The area of a regular heptagon is 1356-6 yards; what is 
the side? ^ Ans. 19-3214 yards. 

4. The area of a regular octagon is 1642-7 perches; required 
the length of the side. 
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Problem 27. — Ibregular Figures. 

To find the area of a long and irregvlar figure^ hounded on one 

side hy a straight line, 

KuLB.— Divide the right line or base into any number of 
equal parts, and measure the breadth of the figure at the points 
of division, and also at the extremities of the base. 

Add together the intermediate breadths, and half the sum of 
Jie extreme ones. \ ' 

Multiply this sum by the base line, and divide the product by 
the number of equal parts of the base. 

1. The breadths of an irregular 
figure at five equidistant places, 
A B C D and E, being 8-20 chains, 
740 chains, 9-20 chains, 10*20 chains, 
and 8-60 chains, and the whole length 
40 chains ; required the area. 

Thus, 8-20 -♦- 8-60 = 16-80; 16-80 -r- 2 = 8-40, mean of the 
extremes; then 8-40 + 7-40 + 9-40 + 10-20 =* 36-20, sum; then 
36*20 X 40 chains length = 1408 -=- 4 = 362, square chains. 

2. The length of an irregular field is 39 rods, and its breadths, 
at 6. equidistant places, are 2-4, 2*6, 2-06, 3-66, 3-6 rods re- 
spectively; what is the area? Ans. 111-64 rod&. 

8. The length of an irregular field is 60 yards, and its breadths, 
at 7 equidistant points, are 6-5, 6-2, 7*3, 6^ 7*6, 7, ?ind 8-8 
yards ; what is the area ? Ans. 842-916 sq. yards. 



Problem 28. — ^Ths CmoLE. 

To find the drcumference of a circle when the diameter is given, 
or the diameter when the drcumfisrence is given, 

'Rule. — ^Multiply the diameter by 3-1416, and the product 
will be the circumference; or divide the circumference by 8-1416, 
or multiply the circumference by -31831, and the result will be 
the diameter. 

Note.— The numbers 3-14169, or 3-1416, -7864, -6236, &c., 
should be made perfectly familiar, in consequence of their 
frequent use in the solution of superficies and solids in men- 
suration. 

The first expresses the ratio of the drcumfisrence of a circle to 
the diameter. The second, the ratio of the area of a circle to the 
square of the diameter : and the third, the ratio of the solidity 
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of a sphere to the cube of Uie diameter. Thus, 3*1416 -i- 4 « 
•7854 ; 311416 -r- 6 = -6236. 

1. What is the circumference of the 
circle A B D, whose diameter, A B, 
is 7 feet? 

Thus, 3 1416 X 7 « 21-9912 ft. the 
circumference. 

2. What is the diameter of a circle 
whose circumference is 100 yards ? 

Thus, 100 -^ 31416 ^ 31*831 yards, 
the diameter. 

Or, 100 X -31831 = 81-831 yards, ap before. 

3. If the circumference of a circle be 354, what is the di- 
ameter? Ans. 112-681. 

4. If the diameter of a circle be 17, what is the circumfe- 
rence? Ans. -53-4072. 

5. K the circumference of the earth be 25000 miles, what is 
the diameter ? 7958 miles, nearly. Ans. 

6. What is the circumference of a wheel whose diameter is 
5 feet 2 inches? Ans. 16-2316. 

7. What is the diameter of a circle whose circumference is 
11652-1944 feet ? Ans. 3709 feet. 



Problem 29. 

To find the area of a circle. 

BuLE. — ^Multiply the square of the diameter by -7854; or, 
the square of the circumference by -07958; and the product in 
either case will be the area. 

1. How many square feet are Ihere in a circle whose diameter 
is 6-5 feet? 

Thus, 6-5- = 42-25 X '7854 ^ 33-18315 square feet. Ans. 

2. The circumference of a circle is 11 yards; required the 
area. 

Thus, 112 -=, 132 X -07958 = 10-50456 square yards. Ans. 

3. How many square feet are contained in a circle whose di- 
ameter is 4 feet 3 inches?, Ans. 14-1862875 sq. feet. 

4. What is the value of a circular garden whose diameter is 
6 rodd, at the rate of 8 cents per square foot ? 

Ans. D. 615-81-6432. 

5. The 4iam6ter of a circle is 16 chains ; how many acres does 
it contain? Ans. 20 a. r. 16-9984 po. 
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, Problem 30. 

The area of a circle being givenj to find the diameter or circun> 

ference, 

EuLji.-^Dmde the area by '7854, and the square root of the 
quotient will be the (liameter. Or divide the area by '07958, 
and the square root of the quotient will be the ciroumference. 

1. The area of a circle is 6 acres, 3 roods, 26 poles; what is 
the diameter ? 

Thus, 5 a. 3 r. 26 po. « 946 po. ^ -7854 = v^l204-4879271 
= 34-7066 poles, the diameter. 

2. The area of a circle being 2 acres, 3 roods, 12 poles; re- 
quired the circumference. 

Thus, 2 a. 3 r. 12 po. «= 452 poles. 

Then, 452 -^ -07958 « v/5679-69 = 75-3637 poles, the cir- 
cmnferenoe. 

3. The area of a circular garden being 1 acre/ what is the 
length of a wall which will enclose it ? Ans. 44-839 poles. 

4. The area of a circle being 2 acres, 3 roods, 12 poles, what 
is the circumference? Ans. 75-3G57 poles. 

5. The area of a circle being 9 acres, 3 roods, 22 poles, what 
18 the diameter ? 



Pboblem 31. 

To find the area of a cti'cular ring, or the space inchuied between 

two concentric circles. 

Rule. — ^Find the areas of the two circles separately. Then 
the difference of these areas will be the area of the ring. Or 
multiply the sum of the diameters by their difference, and this 
procluct again by -7854^ and it will give the iarea required. 

1. The diameters of the two 
circles, A B 20 yards, and B G 
12 yards ; required the area of 
the ring. 

Thus, 20 X 20 « 400 x -7854 
3SS 314*16, area ' of the outer ^ 
circle 

Then, 12 x 12 = 144 x 7854 
« 1130976, area of the inner 
circle 

And, 81416 - 113 0976 « 
201*0624 yards, area of the ring. 
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2. The diameters of two conceiltrie circles are 8 and 12 yards; 
what is the area of the ring contained between their circmnfe- 
rences ? Ans. 62*832 yards. 

3. If the diameters are 20 and 15, what will be the area in- 
eluded between the circumferences ? Ans. 137*445. 

4. Two diameters are 21*75 and 9*5 ; jrequired the area of the 
circular ring. Ans. 300*6609. 

5. If the two diameters are 4 and 6, what is the area of the 
ring? Ans. 15*708. 

Problem 32. 

The diameter or drcumfefence of a drde heing gwen, to find the 

side of an equivalent i^uare. 

EuLE. — ^Multiply the diameter by '8862, or the cireamfer^dce 
by '2821; the product in either casawiU be the side of an equi- 
valent square. 

1. The diameter of a circle is 300 yards; what is the side of 
a square of equal area ? 

Thus, 300 X -8862 = 265*86. Ans. 

2. The circumference of a circle is 316 yards; what is the 
side of a square of equal area ? 

Ans. 316 X '2821 » 891486 yards. 

3. A man has a circular meadow, of which the difuneter is 
875 yards, and wishes to exchange it for a square one of 6qual 
size ; what must be the side of the square ? 

Ans. 775-425. 

4. The diameter of a circle is 100; what is the side of a square 
of an equal area ? ' Ans. 88*62. 

5. The circumference of a circular walk is 64 rods; what is 
the side of a square containing the same area ? 

Ans. 180544 rods. 



Problem 33. 

The diameter or circumference of a circle heing given, to find the 

side of the vn9crihed square. 

BuLE. — ^Multiply the diameter by '7071, or the circumference 
by 2251, and the product in either case will be the side of the 
inscribed square. 
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1. The diameter A B of a circle, is 
525 feet; what is the side A 0, or B D 
of the inscribed square ? 

Thus, 525 X -7071 = 371-2275 feet, 
A C or B D. 

2. The diameter of a H;ircle is 239 
feet ; what is the side of the inscribed 
square ? Ans. 168*9969 feet. 

3. The circumference of a circle is 
312 feet; what is the side of the in- 
scribed square ? Ans. 70-2312 ft. 

4. The ciroumferenoe of 9t circle is 819 yards; what is the side 
of the inscribed square ? Ans. 184-3569 yards. 

5. The diameter of a circle is 65 rods; what is the side of the 
inscribed square ? Ans. 45*9615 rods. 

• 

Feoblbm 34. 

To find the diameter of a circle equal in area to any given 

mperfides, 

BxjLE. — ^Divide the area by -7854, and the square root of the 
quotient will be the diameter. 

1. The length and breadth of a rectangle are 24 and 16 chains ; 
what is the diameter of a circle which contains the same area ? 

Thus, 24 X 16 as 384, area of the rectangle. 
Then 384 -4- -7854 =* ^488-9228 » 22-1116 ch^ns, di- 
ameter. 

2. The three sides of a scalene triangle are 14*18 and 24 
yards ; what is the diameter of a circle containing the same area? 

Ans. 12*6267 yards. 

3. The length and breadth of a parallelogram are 32 and 18 
yuds ; what is the diameter of a circle that contains the same 
area? Ans. 27*0810 yards. 

Problem 35i 

The diam&ter of a circle heinggivtn, tofimd another containing a 

proportionate quantity, 

BtJLE. — ^Multiply the square of the given diameter by the 
riven proportion, and the square root 'of the product will be the 
diameter required. 

1. The diameter of a circle is 24 chains; what is the diiimeter 
of one containing i of the area? 
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Thus, 24 X 24 = 576 x -25 « 144, and ?/144 « 12 chains. 

Answer. ^ 

2. The diameter of a circle is 81 feet; what is the diameter 
of one containing five times as much ? Ans. 181*1215 ft. 

3. The diameter of a circle is 9 rods ; what is the diameter 
of one containing 6 times asmuch ? - Ans. 22*045 rods. 

Problem 86. 

To find the length of a drcula/r arcy when the number of degrees 

and the radivJi are known. 

BiTLE. — ^Multiply the number of degrees by the decimal 
'01745, and^the product arising by the radius of the circle. 

1. What is the length of an arc of 30 degrees, in a circle whose 
radius is 9 feet ? 

Thus, 01745 X 30 x-9 « 4*7115, the length of the arc. Ans. 

Note. — When the are contains degrees and mintites, reduce 
the minutes to the decimals oi a degree, which is done by divid- 
ing them by 60. 

2. What is the length of an arc of 10*^ 15', or 10 P, in a circle 
whose diameter is 68 r Ans. 6-0813. 

Problem 37. 

'' ' 

To find the length of the arc of a ^rde when the chord and radius 
are given ; or ofany^ arc of a drde. 

BuLE 1. — Find the chord of half the arc. 

2. From eight times the chord of half the arc, subtract the 
chord of the whole arc, and divide the remainder by three, and 
the (Quotient will be the length of the arc nearly. 

1. The chord A B = 30 feet, and the 
radius A C = 20 feet ; what is the length 
ofthearc ADB? 

AC2=20x20«400. 

A pa = 15x15 =226 

-• 775(13-228 P. 
* Then CD-CP«:20- 13*228 = 
6*772= DP. 

And A B « s/A pa + P B« = ^225 + 45-859984. 
Hence A B = 16*4578 = the chord of the half arc. 

. Then l«i5?^ii^l^» 83-8874 = arc ADB. 
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2. The chord of an arc is 16, and the diameter of the circle 
20; what is the length of the arc? Ans. 18*5178: 

3. Eequired the length of an arc of SO degrees, the raidius of 
the circle being 14 feet 

Thus, 30 X 14 X -01745 =. 7-329 feet, the lengdi of the arc. 

« 

Problem 38. 

The chord and versed sim given, to find the diameter of a drde. 

EuLE. — ^Divide the square of half the chord by the versed sine, 
and to the quotient add the versed sine; the sumwiU be the di- 
ameter of the circle. 

1. The chord of an arc of a circle, is •^»- 
12 feet (A E), and the versed sine is 
2 feet; what is the diameter of the a 
circle? ^ ' 

Thus, 12 -5-2 == 6 X 6 = 36 -4-2 « 
18 -f 2 V. S. = 20 feet. Ans: 

2. The chord of the arc of a circle is 
5 rods, and the versed sine 2 rods ; what 
is the diameter of the circle ? 

21-53125 rods. Ans. 



Problem 39. 

The versed sine of an arc, and the diameter of the cHrde 'given, to 

find the chord. 

Ruu:.— Prom the diameter subtract the versed sine ; multiply 
the remainder by the versed sine; the product will be the squ^e of 
Aa^^the chord, the square root of which will give the half chord, 

1. The diameter of a circle is 3D chains, and the versed sine 
3 chains ; what is the length of the c)iord ? 

Thus, 30 r- 3 « 27 X 3 = ^81 = 9 =. J chord, ^2 = 18, 
chord. Ans. 

2. The diameter of a circle is 18 feet, and the versed sine 
2 feet; what is the length of the chord ? Ans. 11-3136 ft. 

« 

Problem 40. 

The f^wrd and versed sine given, to find the area of a sector. 

B-ULE. — ^As 360 degrees are to the circumference of the circle, 
so are the number of degrees contained in the area of the sector 





70 MENSURATION OF SUPERFICIES. 

to the lepgth of the arc ; or, as 360 degrees 
are to the area of the circle, so are the 
number of degrees contained in the arc of 
the sector to the area; or, as 860° i& to the 
number of degrees in the arc of the sector, 
so is the area of the circle to the area of 
the sector. 

1. Required the area of the sector, the 
chord of half the arc being 30, and the di- 
ameter of the circle 100. 

J . 30^ 900 ' ^ 
Thus, versed sine =» :j^ sb — - » 9. 

rru 1 AA X. AH Q k. o'T ;;'7P;'r 30 X 2 X 9 X 10 5400 
Then 100 X 60 — 9 x 27 « 5757; — — ^^^ — = gy^ 

B= 9380, which to twice the chord of half the arc, 60, will make 

^A nooA XI. 1 _xi. i. ir 60-9380 X 50 8046-9000 
60*9380 ==: the length of the arc ^ — = ^ = 

1523-45, the area of the sector. Ans. 

EuLE 2. — ^Multiply the number of degrees by the decimal 
•01745 and the product arising by the radius of the circle; this 
will give the length of the arc. Multiply tha arc by one-half the 
radius, and the product will be the area. 

2. What is the area of the circular sector A C B, the arc A B 
containing 18°, and the radius C A being equal to 3 feet? 

Thus, -01745 X 18 X 3 = -94230 = length A B. ^ 
Then -94230 x 1*5 = 1-41345 = area. 

3. Eequired the area>^ a sector whose radius is 25, and the 
arc,oneofl47°29'. Ans. 804-2448. 

, 4. What is the area of a circular sector when the length of the 
arc is 650 feet, and the radius 325 ? 

105625 square feet. Ans. 
5. Required the area of the sector whose height is 4 perches, 
and the radius of the circle 8 perches. 

Ans. 66*8581 perches. 

Problem 41. 
To find the area of a segment of a circle. 

Rule l.-^Find the area of the sector having the same arc with 
the segment, by the last problem. ' 

2. Find the area of the triangle formed by the chord of the 
segment and the two radii through its extremities. 
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3. K the segment is greater than the 
semicircle; add the two areas together; but 
if it is less, then subtract them, and the 
result in either case will be the area re- 
quired. 

1. What is the area of the segi^ient 
A D B, the chord A B « 24 feet, and C A 
=r 20 feet? 

Thus, G P = v/C A « 20* « 400 ~- 
A P* =s 12* t=: 144. ^144 . 

-v/ 256(16 root. 
Then P D=«C D-^C P«20-16«4; AD« VAP« 
«:144 + P:Da«42 = 16. 
16 

-s/160(12-64911, root. 




12-64911 X 8 - 24 



25-7309 



Then arc A D B as 

Arc A D B « 

Half radius 

Area sector A D B C « 257-309 
Area « — 192 



2&-780&, arc. 



AP = 12 



10^ P=16 



192 ;= area C A B. 



65*809 area of segment A D B. 

2. Find the area of the segment A F B, 
having the following lines, viz. 

A B=20-5; F P== 17-17; AF= *^( 
20; F G = 11-5, and A = 11-64. 

ArcAGF = ?A^«-^^ 



8 



115 X 8 -. 20 



= 24. 




56-6825. 



Sector AGFBC«24x ll-64« 
279-36.- - ^ 

But O P = F P - A C = 1717 - 11-64 « 5-53. 
ThenareaACB:^^LBxCP^20-5x5-53^ 

2 2 

Then area of sector A F B *C = 279-36 
" " of triangle A B C « 56-682 5 

Gives area of segment A F B a 336'0425. Ana. 

3. What is the area of the segment of a circle whose arc is a 
quadrant, the diameter being 24 perches ? 

Ans. 41*0976> poles. 
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Problem 42. 

To find the area of an ellipse. 

Rule. — ^Multiply the two axes together, and their product by 
the decimal '7854, and the result will be the required area. 

1. Eequired the area of an ellipse whose 
transure axes A B a& 70 feet; and the conju- 
gate axes D E ss 50 feet. 

70 X 50 - 3500 X -7854 « 2748-9 area. 

2. What is the area of an ellipse whose 
axes are 35 and 25 ? . Ans. 687-225. 

3. What is the a]:ea of an ellipse whose axes are 50 and 45 ? 

Ans. 1767 15. 

REVIEW. 

1. How win ^oa find the area of a>square ? 2. How wUl you find the 
length of the side of a square? 8. When the diagonal is given, how 
will you find the area of a square? 4. When the area of a square ia 
given, how 'will you find the diagonal? 6. When the diagonal of a 
square is given, how will you find the iside? 6. How will you cut off a 
given area from a square parallel to either side? 7. When the length 
and breadth of a rectangle are given, how will you find the area? 
8. When the area and either side of a rectangle are given, how will you 
find the other side ? SL When the airea and the proportion of the two 
sides of arectangle are given, how will you find the sides ? 10. When 
the sides of a rectangle are given, how will you cut off a given area 
parallel to either side? -11. How do you find the area of a rhombus? 
How will you find the area of a rhomboid ? How will you find the area 
of a parallelogram ? 12. When the area of a rhombus or rhomboid, and 
the length of the side aare given, how will you find the perpendicular 
height? 13. When the base and perpendiculiftr are given, how will you 
find the arear? 14. The three sides of a triangle being given, how will 
you find the area ? 15. When two sides of a right-angled triangle are 
^ven, how will you find the third side? Bule seconc^? Rule third? 
16. When the sum of the hypotenuse and perpendicular, and the base 
of a right-angled triangle are given, how will you find the hypotenuse 
and perpendicular ? 17. How will you find the area of an equilateral 
triangle? 1$. When the side of an equilateral triangle is given, how 
will you find the perpendicular ? When the area of an equilateral and 
the perpendicular are given, how will you find the side ? When the 
area of an equilateral triangle is given, how will you find the side ? 
19. How will you find the area of an isosceles triangle when the length 
of the side is given? When the area and base of an isosyceles triangle 
are- given, how will you find the length of the equal sides? 20. How 
will you find the area of a scalene triangle, the basd and perpendicular 
being given ? 21. When the area and base of any triangle are given, 
how will you find the perpfendicular height ? 22. When tiie base and 
perpendicular of any plane triangle are given, how will you find the 
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side of the inscribed square ? 23. How do you find the area of a tra- 
pezium ? 24. How will you find the area of a trapezoid ? 26. How 
wiU you find the area of a regular polygon ? How will you find the 
area ef a regular polygon when one of its equal sides only is given? 
How will you find the areas of polygons by the table? 26. When the 
area of a regular polygon is given, how will you find the side ? ^7. How 
will you find the area of an irregular figure bounded on one side by a 
straight line ? 28. How will you find the circumference of a circle 
when the diameter is given ; or the diameter when the circumference 
is given ? 29. How wSl you find the area of a circle ? 80. When the 
area of a circle is ^ven, how will you find the diameter or circumfe- 
rence ? 31. How will you find the area of a circular ring, or the area 
between two concentric circles ? 82. When the diameter or circumfe- 
rence of a circle is given, how will you find the side of an equivalent 
square ? 83. When the diameter or circumference of a circle is given, 
how will you find the side of an inscribed square? 84.. How will you 
find the diameter of a circle, equal in area to any given superficies ? 
85. When the diameter of a circle is ^given, how will you find another 
containing a proportionate quantity ? 86. How will you find the length 
of a circular arc when the number of degrees and radius are known ? 
87. How will you find the length of the arc of a circle when the chord 
and radius are given ? 88. When the ghord and versed sine are given, 
how will you find the diameter of a circle ? 89. When the versed sine 
of an arc and the diametet of the circle are given, how will you find 
the chord ? 40. When the chord and versed sine are given, how will 
you find the area of a sector ? 41. How will you find the area of a 
segment of a circle ? 42. How will you find the area of an ellipse ? 

KoTB. — It is very important that the pupil should pass a strict ex- 
amination in the reviews, by having a certain portion assigned him for 
a dally le^on, and on no account should this duty be neglected by the 
iastruotor. 



> 



PAKT SECOND. 



3GElm0ttrdti0n of hWh. 



DEFINITIONS. 

The measure of any solid body is the whole capacity or con- 
tent of that body, when considered under the triple dimensions 
of lengthy hreaddiy and thickness. 

A cube whose side is one ihchj one footj or one jfOfrd, &o,y is 
called the measuring unit; and the content or solidity of any 
figure is computed by the number of those cubes contained in 
that figure. 



Slg. 1. 



jB 

1. A cube is a solid contained by six equal 
square sides; as A B P E F. 




2. A parcdlelopipedon is a solid contained 
by six rectangular plane sides or faces, every 
opposite two of which are equal and parallel, 
as A B C D E F. 



rig. 2. 




3. A prism is a solid whose ends are two equal, 
parallel, and similar plane figures, and its sides pa- 
rallelograms ; as A B C D E F. 

It is called a triangular prism when its ends are 
triangles ; a square prism when its ends are ^uare, 
&c. 
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4. A (yUader ia a solid described by the revoln- 
tJon of a redtangle aboat o^e of ite sides, as ua 
axis, wMcb remains fixed ; as A B C D. 



5. A wne ia a solid described by tbe revolu- 
Ijon of a rinht-angled triangle about one of its 
legs, which lemaius fixed j as A B C. 




6. A mramid ia a solid whose sides are 
all triangles meeting in a paint at the ver- 
tex, and the base any plane figure ; as 
ABODE. 

When the base is a triangle, it is called 
a triangular pyramid, &c. 



7. A tphere is a solid described by the 
reTolntion of a semicircle about its diame- 
ter, wbjch remains fixed ; as A B C D. 

The centre of a sphere ia a point witliiu 
the figure, equally distant from every part ;gB 
of its convex surfaoe. 

A diameter of the sphere ia . a straight 
line passing through ite centre. 

The axi* of a sphere is any line about 
which it revolves ; and the points at which the axis meets the 
surface, are called the potet. 
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fig. 8. 



8. A circular spindle is a solid generated 
by the lieyolution of a segment of a cirole 
about its chord; which remains fixed; as _. 
A B D C. 





9. A speroid or dlipsoid is a solid 
generated bj the revolution of a semi- 
ellipsis about one of its axes, which re- 
mains fixed ; as A B D C. 

A spheroid is called prolate when the 
revolution is made about the transverse 
axes, and oblate when it is made about 
the conjugate axes. 

10. The segment of a pyramid, sphere, or any other solid, is a 
part cut off from the top of it by a plane parallel to the base of 
the figure. 

11. A frustum or 6nink is a part that remains at the bottom 
after the segment is cut off. 

12. The zone of a sphere is that part which is intercepted be- 
tween the parallel planes ; and when those planes are equally 
distant from the centre, it is called the middle zone of the 
sphere. 

13. The height of a solid is a perpendicular drawn from its 
yertex to the base, or to the plane on which it is supposed to 
stand. 

14. A wedge is a solid, having a rectangular base, and two of 
its opposite sides meeting in an edge. 

15. A prismoid is a solid, having on its ends two rectangles 
parallel to each other; and its upright sides are four trape- 
zoids. 

The mensuration of solids is divided into two parts : 

1. The mensuration of the surfaces of solids. 

2. The mensuration of th^ir solidities. 



Pboblem 1. 

To find the area of ike surface of a cube. 

BuLE. — Multiply the square of the length of one side by 
the number of sides, and the product will be the area of the 
surface;. 
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1. The side of a cube is 18 inches; what is 
the area of its surface ? 

Thus, 18 X 18 =. 324 X 6 « 1944 in. -«- 144 
^= 13-5 square feet. 

2. The side of a cube is 25 inches; what is 
the area of the surface ? Ans. 26^ feet. 

8. The side of a cube is 19 feet ; what is the 
area of its surface ?. Ans. 2166 feet. 

4. The side of a cube is 25*5 feet; what is the ar^a of its 
surface? Ans. 3901-6 feet. 

5. The side of a cube is 36 yards; what is. the area of its 
surface in square feet ? \ 

Problem 2. 

The area of the surface of a cube being given, to find the length 

of the Me, , 

BuLE. — ^Divide the area by 6, and extract the square root of 
the quotient. 

1. The area of a cube is 2400 square inches; required the 
length of the side. 

Thus. 2400 -5- 6 « v<400 « 20 inches. Ans. 

2. The area of a cube is 216 square fee^t ; what is the lengtli 
of the side ? ■ ■ ^ Ans. 6 feet. 

3. The area of a cube is 5400 square inches; what is the 
lensth of the side ? Ans. 2} feet. 

4. The area of a cube is 258 square feet ; what is the length 
of the side ? Ans. 6 -55 + . 

5. The area of a cube is 1800 square inches; what is the 
length of the side ? 

Problem 3. . 

To find the solidity of a cvhcy the length of one of the sides being 

given. 

Rule. — Cube the gireix side. 

1. The side of a cube is 25*& inches; what is the solidity ? 
Thus, (26-5») that is, 25-5 x 25-5 x 25-5 = 16581*375 cubic 
inches. 
12. The side of a cube is 15 inches ; what is the solidity ? 

1-9531 feet. Ans. 
3. The dde of a cube is 6 feet; what is the solidity ? 

Ans. 216 feet. 

7* 
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Problem 4. 
To find the side of a cube, the MolidUy being given. 

EuLE. — Extract the cube root of the solidity. 

1. What is the length of the side of a cabe containing 36 
solid feet ? ' V36 « 8-3019, side required. 

2. What is the length of the side of a cube whose solidity is 
1800 inches? Ans. 124644 inches. 

3. What is the length of the side of a cube whose solidity is 
78^ cubic feet? Ans. d-2404 feet. 

4. What is the length of the side of a cube whose solidity is 
2984 yards ? 

Problem 5. 

To find the solidity of a paraMelopipedon, 

EuLE. — Multiply the length by the breadth, and that product 
again by the depth, or altitude, and it will give the solidity re- 
quired. 

1. Eequired the solidity of the 
parallelopiped(Mi A B C D E F 
G H, whose length A B fe 8 
feet, its breadth 4*5 feet, and 
depth or altitude A D, 6-75 feet. 

Thus,-ABxADxFD-»8 -^ 

X 6-75 X 4-6 = 64 X 4-5 = 243 Paranalopipedon. 

solid feet. Ans. 

2. What is the solicBty of a block of marble whose length is 
10 feet, breadth 5-75 feet, and depth 3-5 feet? 

Ans. 201-25 feet. 

3. The length of a parallelopipedon is 36 mches, the width 
20 inches, and the depth 18 inches ; how many solid feet will it 
contain? Ans. 7-5 feet. 

4. How many bushels are contained in a bin 6-5 feet in 
length, 4-76 feet in width, and 3-75 in depth ? , 

Ans. 71S-724 bushels. 

5. What is the solidity of a block of marble whose length is 
12 feet, breadth 6f , and depth. 2} feet ? Ans. 172 J feet. 

6. The length of a parallelopipedon is 15 feet, and each side 
of its square base 21 incites j what is the solidity ? 

Ans. 45-9375 fe^t. 
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Froblei^ 6. 
Sbfotd Sie tolidiiy ofaprism. 
BULE. — Multiply the axes, of tbe base into tlie parpendioular 
height of the prism, and the product will be the solidity. 

1. What is the eolidity of the trisneular prism 
A B C I) B F, whose les^ A B is 20 feet, and 
either of the equal sides B C, C D, or D B of 
one of its equilateral ends B C D, 5 feet ? 

See Phiblem 25, Mensuration of Superjiciei. 

Thus, the area 'of the base is 5 X 5 s 25 ; and 
■433013 X 26 =. 10-825325 x 20 = 216-5065 ft. 
Bolidl^ lequired. 

2. What is the solidity of a triangular prism p,^, 
whose length is 18 feet, and one side of tha equi- 

Iftteral end 1'5 feet? 

Thus, the area of the triangular base is 1-5* = 2'25x -433013 
— -97427925 x 18 = 17-5370265. Ana. 

3. What is the value of a prism whose height is 32 feet, and 
each side of the equilateral end 14 Inches, at 20 cents per solid 
foot? Ans. D. 3772. 

4. What is the solidity of a regular pentagonal prism whose 
altitude is 20 feet, and each aide of the base 15 feet ? 

Thus, 15» a 226 ; and 17204774 x 225 — 387107415 =. 
the area of the base. 
Hence 887107415 x 20 - 7742-1488 « solidity. 

5. What is the number of ou^o or solid feet in a regular 
pentagonal prism of which the altitude is 15 feet, and each side 
of the base 3'75 feet? Aas. 362-913. 

I^OBLKH 7. 

To find the convex rur/ace of a cj/Under. 

RCLB. — Multiply the ciroumferenoe or peri- s 
pheiy .of the base by the height of the cylinder, 
and the proddct will be the oonvez surface re.- 
quired ; to which add the area of each, and the 
sum will be the whole surfitoe of the cylinder. 

1. What ia the convex Bur&oe of the right 
cylinder A B G D, whoae length B C ia 24 feet, 
and the diameter of its base 16 feet ? -^ 

Thus, 31416x16— 50-2656, the circnmfb- ' 
resce of tiie base. 
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And 60-2656 x 24 = 1206-3744 square feet, the convex sur- 
face required. • 

2. What is the whole surface of a right cylinder, the diameter 
of whose base is 2-6 feet, s^nd height 5 feet? 

Thus, 34416 x 2-5 = 7-854, the circumference of the base. 

And 7-854 x 5 =39-27 square feet, the convex surface. 
. Then to get the whole surface, 2-5* x 7854 X 2 = 6-25 x 
•7854 ==4-90875 X 2 =9-8175 square feet, the area of the 
ends. 

Then 39-27 + 9-8175 =49-0875 square feet, the whole sur- 
face. ' 

3. What is the convex surface of a cylinder, the diameter of 
whose base is 20, and altitude 50 feet ? 

An9. 3141-6 square feet. 

4. What is the convex surface of a cylinder whose base is 30 
inches, and altitude 5 feetf An^. 5654-88 sq. inches. 

5. What is the whole surface of a right cylinder, the diameter 
of whose base is 16 inches, and its length 20 feet ? 

> Ans. 86-5685 feet. 



Pboblem 8. 

To find the aolidd^ of a cylinder. 

Rule. — Multiply the area of the base by the perpendicular 
height of the cylinder, and the product will be the solidity. 

1. What is the solidity of a cylinder, the diameter of whose 
base is 40 feet, and altitude 25 feet ? 

Thus, 40* = 1600 X -7854 = 1256-64 = area of the base. 
Then 1256'64 x 25 = 31416 solid feet. Ans. 

2. What is the solidity of a cylinder whose height is 5 feet, 
and the diameter 2 feet? Ans. 1&-708 solid feet. 

3. What is the solidity of a cylinder whose altitude is 12 feet, 
and the diameter of its base 15 feet ? 

Ans. 2120-58 cubic feet. 

4. The length of a cylinder is 30 feet, and the diameter 20 
inches ; what is the solidity ? Ajis. 65-45 solid feet. 

'5. How many solid feet in a round stick oi timber 16 feet 
long, and the diameter at each end 15 inches ? 

Ans. 19-635 solid feet. 
6. Bequired the solidity of a cylinder, the diameter of whose 
base is 30 inches, and height 50 inches ? 

Ans. 20-4531 solid feet. 
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To find Ae tnhoie earface of a right ame. 
BiTLE. — Multiply the circnmference of the base bj the slaDt 
height, or the length of the side of, the cone, and half the pro- 
duct will be the area of the convex surface ; to which add the area 
of the base, and the snin will be the whole mr&ce of the cone. 

1. What is the convex surface of the cone Vmtoi, 
whose vertex is 0, the diameter A B of its 

base being 8-5 feet, aud the aide C A, 50 feet? 

Thofl, first 81416 X 85 = 26-7036 = cir- 
oiunfereuce of base. 

Then 26-7036 x 50 -i- 2 =667-59, convex 
sur&ce. 

2. The diameter -of a cone is 4-5 feet, and 
the slant height 20 feet; lequired the convex 
Borfoce. Aus. 141-372. 

3. The diameter of the baae of a cone is 3 

feet, and the slant height 15 feet ; what is the ^^ 

convex Bnrface? Ans. 70-686 aq. fl. 

4. The slant height of a cone is 20 feet, and diameter 3 feet; 
reqilired the surface of the cone. 

Ans. 101-3166 sqaare feet. 
5< The circamfcTeuco of the base of a cone is 10-75i ^"^ ^^^ 
slant height is 18*25 ; what is the entire surface ? 

Ans.' 107-29021 square feet. 

Fkobekh 10. 

To find the eolidity of a cone. 
Rule. — Multiply the square of the diameter of the base by 
-7854, and that product by one-third of the perpendloular alti- 
tude ; the product will be the solidity. 

1 . Required the solidity of a cone, the diameter of whose base 
is 18 inches, and its altitude 15 feet. 

Thus, 18 in. =1'5»X -7854 = 126715 =k area of haae. 
And 176715 X V (p) = 8-8357 feet, solidity required. 

2. What Is the eoli<^ty of a cone, the area of whose base is 
880 square feet, and altitude 48 teet ? 

Thna, 380 X 48 = 18240 -^ 3 - 6080 feci Ans. 

8. Required the solidly of a cone whose altitude is 10) faet, 

._j ii.^ -2 .„_f *.. ^e :»_ !.„_.. i\ c^iL 

9 eabio fbet. 
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4. The circumference of the base of a cone is .40 feet^ and the 
height 60 feet ; required the solidity. 

Thus, 40* X -07958 = 1600 x-07958 = 127-328 =» area of 
base. 

Then 127^328 X ^=r , == 2122-1333 feet. Ans. 

3 4 

5. The circumference of the base of a eone is 10 feet^ and the 
perpendicular altitude 12 feet; what is the solidity? 

Ans. 31-829 cubic feet. 



Problem 11. 

To find the mrface of the frv/shim of a right cone. 

Rule. — Add together the circumferences of the two bases, and 
multiply the sum- by half the slant height of the frustum, and 
the product will be the convex surface, to which add the areas 
of the bases, and the entire surface is acquired. 

1. What is the convex surface of the frustum 
of a cone, of which the slant hei^t is 12} feet, 
and the< circumferences of the bases 8*4 and 6 
feet ? 

Thus, 8-4 + 6 «= 14-4; half side, 6-20 x 14-4 
=s 90 square feet. Ans. 

2. What is the convex surface of the frustum 
of a cone, the circumference of the greater base ^^' 
being ^0 feet, and of the less 10 feet ; the slant height being 20 
feet? Ans. 400 squaire feet. 

3. Required the entire surface of the frustum of a cone whose 
slant height is 20 feet, and the diameters of the bases 8 and 4 
feet? Ans. 439-824 square feet. 



Problem 12. 
To find the iolidity of the frustMm of a cone. 

Exile. — ^Add ^together th^ areas of the two ends and geometri- 
cal mean between mem'. 

Multiply this sum hj one-third o{ the altitude, and the pro- 
duct will be the solidity. * 

1. How many cubic feet in the frustum of a., cone whose alti- 
tude is 26 feet, ^nd the diameters of the bases 22 and 18 feet ? 
Thus, 222 X -7854 = 380-134, area of lower base. 
L 18* X -7854 « 259-47 « area of upper base. 
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Then |/380-134 x 25447 = 311 018 « mean. 

26 
And (380-134 + 254-47 + 311018) x ^« 8195-39. Ans. 

2. What is the solidity of the frustum of a cone, the altitude 
being 18, the diameter of the lower basQ 8, and the upper base 4 ? 

• [ Ans. 527-7888. ^ 

3. How many cubic feet in a piece of round timber, the di- 
ameter of the greater end beipg 18 incheis, and that of the less 

9 inches, and £e length 14-25 feet ? Ans. 14-68943 feet. 

4. What is the solidity of the frustum of a cone, the diameter 
of the greater end being 4 feet, that of the les^ end 2, and the 
altitude 9 feet ? Ans. 65-9736 feet. 

5. What is the solidity of the frustum of a cone, the circum- 
ference of the greater end being 20 feet, and that of the, less end 

10 Ifeet^ and the height 21 feet ? Ans. 389-942 feet. 



Pbobij:m 13. 

TJie solidity and altitude of a cone heing given, to find the 

diameter. 

Rule. — ^Divide the solidity by the product of -7854 and one- 
third of the altitude, and the square root of the quotient will be 
the diameter. 

1. The^ solidity of a cone is 16 feet, and the altitude 9 feet; 
what is the diameter? 

Thus, -7854 X 3 « 2-3562 ; 16 ^ 2-3562 « ^6-7906 = 
2-6057 feet. Ans. » 

2. The solidity of a c<^ne is 19 feet, and the altitude 8 feet ; 
required the diameter. ^ Ans. 2*9315 feet. 



Probl]$m 14. V 

Th/e solidity and diameter of a cone being given, to find ^Ae 

aUitude, 

Rule. — ^Divide the solidity by the product of -7858, and the 
square of the diameter, and ^e quotient, being multiplied by 3, 
will give the altitude. 

1. The solidity f)f a cone is 30 feet, and the diameter 2 feet; 
what is the altitude ? 

Thus, 2 X 2 =4j -7854 x 4 =31416; 30 -f- 3-1416 -9-15492 
X 3 =» 28-6476 feet. Ans. 
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2. The solidity oi & cone is 2613-28 ^et, and the diameter 
20 feet ; what is the altitude ? Ans. 24 feet. 



PROBuea^ 15. 

To^Jtiid the 8ur/ace of a regvlar pyramid, 

KuLE. — Multiply the peiihieter of the base by half the slant 
height, and the product will be the convex surface ; to this add 
the area of the base^ ifi the entire sur&ce is required. 

1. In the regular pentagonal pyramid S — 
A B C D E, the slant heigk S Fis equal to 
45, and each side of the base is 15 -feet ; re- 
quired the convex surface^ and also the entire 
surface. 

Thus, 15 X 5 == 75 s=B perimeteir of the 
base; 75 x 22} (} 45) = 1687*5 square ft. 
3B area of convex surface. 

And 153 « 225 ', then 225 x 1*7204774 
» 887107415 « the area of the base. 

See Tahle, Proh. 25, Men. of Super, 

Hence convex surface^ 1687*5 

Area of the base, . 887107415 

Entire surface, Ans. 2074*607415 square feet. 

2. What is the entire surface of a regular pyramid whose slant 
height is 15 feet, and the base a regular pentagon^ of which each 
side is 25 feet? Ans. 2012*798 square feet. 

3. What is the entire surface of a regular octagonal pyramid, 
of which each side of the base is 9-941 yards; and the slant 
heisht 15 1 Ans. 1073*628 square yards. 

4. Bequired the whole surface of a triangular pyramid, each 
side of its base being 5} feet, and its slant height 17} feet. 

Ans. 157-4736 square feet, the whole surface. 
^ 5. Keqwed the outward surface of a triangular pyramid, each 
side of its base being 3} feet, and its slant height 14 feet. 

Ans. 78-5 feet 




Pboblxm 16. 

To find the stMdity of a pyramid, 

BQUB.-*-Maltiply the area of the base by the altitadej and 
divide the product by 8 ; the quotient will be the solidity. 
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1. WHat ifi the solidity of a pyramid, the 
area of whose base is 215 square feet^ and the 
altitade S » 45 feet ? 

Thus, 215 X 45 =. 9675 -f- 3 = 3225 solid 
feet. Ans. 

2. How many solid yards are there in a tri- 
angular pyramid ^^hose altitude is 90 feet, and 
each side of its base 3 yards ? 

Ans. 38-97114 yards. 

3. What is the solidity of a regular pyramid, 
its altitude being 12 feet, and each ijde of its 
base 2 feet? Ans. 27-5276 solid feet. 

4. Required the solidity of a triangular pyra* 
mid whose height is 30 feet, and eaeh side of the base 3 feet. 

Ans. 38-97117 feet. 

5. Bequired the solidity of a square pyramid, each side of 
whose base is 30, and perpendicular height 20. 

Ans. 6000 




^yrmid. 



Problem 17. 

Tojmd the convex mrface of the fnutwm, of a pyramid. 

Rule. — Multiply the sum of the perimeters of the two bases 
by the slant height of the frustum, and the product will be the 
convex surface. 

1. In the frustum of the regular penta- 

tonal pyramid, each side of the lowei^ base is 
0, and each side of the upper base is 20 
feet, and the slant height ^ H is equal to 
15 feet; what is the convex surface of the 
frustum? 

Thus, 30 X 5 « 150; 20 X 6 « 100 + 
150=250-^2=125x15*1875 square feet. Ans. 

2. What is the convex surface of the frustum of a heptagonal 
pyramid who^ slant height is 55 feet, each side of the lower 
base 8 feet, and each side of the upper base 4 feet ? 

Ans. 2310 square feet. 




Pymoid. 



Pboblem 18. 

» 

To find the saiidtty of the frustum of a pyramid. 

Rule. — ^Add together the areas of the two bases of the frustum 
of a geometrical mean proportional between them; and then 

s 
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multiply the sum by tke altitude^ and take one-ihiid of the im*o- 
xluct for the solidity. 

1. What is the solidity of the frastam of a 
pentagonal pyramid, the area of the lower base 
being 16 feet, and of the upper base 9 square 
feet, and altitude 7 feet ? 

ThuS; 16 X 9 » 144 ; ^144 « 12 the mean> 
area of the lower base bb 16 

9 upper base. 
12 mean of bases, 

37 sum. 

37 X 7 » 259 -^ 3 — 86} solid feet. Aus. 

2. What is the content of a regula.r h^sigonal frustum whose 
height is 6 feet, the side of the greater end 18 inches, and of the 
less end 12 inches ? Ans. 24-681724 cubic feet 

3. How many cubic feet in a square piece of timber, the areas 
of the two ends being 504 and 372 inches, and the length 31} 
feet? Ans. 95-447. 

4. What is the solidity of the frustum of a square pyramid, 
one side of the greater end being 18 inches, that of the less end 
15 inches, and the height 60 inches ? 

Thn8, ( 18^ + 1 51 +18x15) ^gQ-SW x60^3 - 16380 

inches, solidity. Ans. 

5. The height of the firustum of a square pyramid is 8 feet 
each side,, the base 16 inches, and the top 10 inches ; required 
the solidity of the frustum. Ans. 9*55 cubic feet. 



Problem 19. 

To find the solidiii/ of a wedge. 

Rule. — ^Add the length of the edge to twice 
the length of the base, and multiply the sum by 
the height of the wedge, and that product by 
the breadth of the base, and } of the last pro- 
duct will be the solidity. 

1. The ^length and breadth of the base of a 
wedge are 35 and 15 inches, and the length 
of the edge is 55 inches; what is the solidity, 
supposing the height to be 17-14508 inches? ^ 

Thus, 35 X 2; + 55 « 125; then ^^'^^^^^ 




Wodge. 

X 15 X 125 
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Aosver. 

2. If the baae of a wedge be 27 inohes and 8 inohM, the eJge 
36 inches, utd the height S-5 feet, what ia Uie solidity F 

Ans. 2-9168 cubic feel. 



7b _f{nf2 <A« aolidxtg of apri*mmd. 

Rule. — To- the sum of the areas of the two ends add four 
times the area of the section parallel to, and equally distant from 
both endB, and this hist sum multiplied by J of the height will 
give the solid it j'. 

1. What is the solidity of a rectanguhir 
prismoid, the length and breadth of one end 
being 12 and 8 inches, and the correspond- 
ing sides of the other 8 and 6 inches, and 
the perpendicular height Gi> inches f 

Thus, 12 X 8 = 96 ; 8 x 6 = 48 + 96 
= 144, sum of the areas of the two ends. 

Then 32 + 8 = 20 -f- 2 = 10, length of PrinnoM. 

the middle rectangle. 

8 + ti = 14 -4-2 ■= 7, breadth of the middle rectangle. 

Hence 4 x 10 X 7 =• 280 ; 4 x 70 = 280 = 4 times the areiii 
of the middle rectangle. 

144 + 280 X ^ = 424 x 10 = 4240 ouWc inches. 

And 4240 -i- 1728 -= 24637 feet. Ans. 

2. What is the solidity of a stick of hewn timber whoso ends 
are respectively 30 by 27 inches, and 24 by 18 inches, and whose 
length ia 48 feet? Ans. 204 feet. 



To find the convex mperficia of a cylitidnc ring. 

ROLS. — To the thickness of the ring add the inner diameter, 
and this sum being multiplied by the Sickness, and the product 
again by 9-8696, (or the aqi^e of 3-1416,) will f^re the super- 
ficies required. 
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1. The thickness Ad of the cylin- 
dric ring, is 3 inches, and the inner 
diameter c d, 12 inches ; what is the 
convex surface ? 

Thus, 12 + 3 = 15 X 3 = 45 X 
9*8696 3= 444*132 square inches. Ans. 

2. The thickness of a cylindric ring 
is 2 inches, and the inner diameter 1§ 
inches; required the convex superfi- 
cies. Ans. 394*784 inches. 

3. The thickness of a cylindric ring is 2 inches, and the inner 
diameter 12 inches ; what is the convex superficies ? 

Ans. 276*3488 inches. 




Of Undric Aing. 



Problem 22. 

To find the soliditj^ of a cylindric rinff. 

KuLE. — ^Tothe thickness of the ring add the inner diameter, 
and this sum being multiplied by the square of half the thick- 
ness, and the product again by 9*8696, will give the sc^dity. 

1. What is the solidity of an anchor ring whose inner di- 
ameter is 8 inches, and thickness of metal 3 inches ? 

Thus, 8 + :^ = 11 ; 1*5^ = 2*25 x 11 = 24*75 x 9-8696 « 
244*2726 cubic inches. Ans. 

2. The inner diameter of a cylindric ring is 12 inches, und its 
thickness 4 inches ; what is its solidity ? 

Ans. 631*6544 inches. 

3. Kequired the solidity of a cylindric ring whose inner di- 
ameter is 12 inches, and thickness 5 inches. 

Ans. 1048*645 inches. 

4. What is the solidity of an anchor ring whose inner diame- 
ter is 9 inches, and the thickness of metal 3 inches ? 

Ans. 266*4792 inches. 



Problem 23. 

The solidity and thickness of a eylindfric ring being given^ to find 

' the inner diameter, 

Eule. — ^Divide the solidity of 9*8696, and that quotient by 
the square of half the thickness; from which subtract, the thick- 
ness, and the remainder will be the inner diameter of the ring. 

1. The thickness of a cylindric ring is 4 inches, and its solidity 
789*568 solid inches; what is its inner diameter? 
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Thus, 789-568 + 9-8696 - 80 + 2» - (4) - 20 - 4 = 16 
inohee, diameter. 

2. What is the inner diameter of a OTlindric ring whose solidity 
is 1 solid foot, and thickness 4 inches r Ans. SO-77 in. 

^. What is the inner diameter of a cytindric ring whose solidit; 
is 244-2726 inches, and thickness 3 inches. Ans. 8 ic. 

Problem 24. 
To find th« convex surface, of a tphcK. 
Rule, — Multiply the diameter of the sphere by its circumfe- 
rence, and the product will be (he convex supei-fidea recjuircd. 
The ourte surface of any zone or segment will also he found by 
multiplying its height by the whole circumference of the sphere. 

1. What is the couTex surface of a 
sphere or globe A D B C, whose di- 
ameter A B is 16 inches f 

Thus, 8-1416 X 16 = 50-2656 x 16 
= 804-2496 square inches, the surface 
required. 

2. What is. the convex superfiraes of 
a sphere whose diameter is 1^ feet, and 
the circumference 4-1888 feet? 

Thus, IJ =e I' and i x 41888 » 

16-7552 -^ 3 = 5-58506 feet. Ans. 

3. If Uie diameter or axis <£ the earth be 7957] miles, what 
is the whole surface, supposing it to be a perfect sphere t 

Thus, 7957-75 X 3'i4l6 — 260000674, the circumference: 
7957-75 X 25000-0674 - 198944286-35236 sq. mUes. Ans. 

4. What is the area of the convex surface of a. globe whose 
dianleter is 4 feet? Ans. 50-2656 square feet. 

5. What is the convex surface of a sphere whose diameter is 
6 feet r Ans. 113-0976 feet. 



Problem 25, 
To find the toHdif^ of a sphere or ghbf. 
Rule. — Multiply the onbe of the diameter by -^36, and the 
product will be the solidity. 

1. What is the solidity of a sphere vrhose diameter is 1^ 
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Thus, IJ = ~ X -5236 = 1^ X -5236 « 33-5104 -4- 27 = 

1«2411 feet. Ans. 

2. What is the solidity of the earth, supposing it to be per- 
fectly spherical, and the diameter 7957*75 miles? 

Thus, 7957-753 x -5236 = 63325785-0625 x 7957-75x-5236 
= 503980766081-109375 x -5236 «26385814912006886875. 
Answer. 

8. What is the solidity of a globe whose diameter is 3 feet 4 
inches ? Ans. 19*3926 cubic feet. 

4. What is the solidity of a globe whose diameter is 17 inches? 

Ans. 1-4493 feet. 

5. What is the solidity of a sphere whose diameter is 6 ? 

Ans. 1130976. 

6. What is the solidity of a sphere whose diameter is 10 ? 

Ans. 4188-8. 



Problem 26. 

The convex iurfcLce of a ghhe being given, to find its diameter, 

» . ' 

EuLE.7~Multiply the given area by 31831, and the square 
root of the product will be the diameter. 

1. What is the diameter of that globe, the area of whose con- 
vex surface is 14 square feet? 

Thus, 14 X -31831 = v^4-45634 « 2-1110 feet, the diameter 
required. 

2. The convex surface of a sphere is 1 square rood ; ^required 
the diameter. Ans. 3*5682 rods. 

3. The expense of gilding a ball, at D. 1*80 per square foot, is 
34 dollars ; required -fiie diameter. Ans. 2*452 feet. 



Problem 27. 

The solidiiy of a ghhe being given, to find the diameter. 

Rule. — ^Divide the solidity by •5236, and extract the cube 
root of the quotient. 

1. The solidity of a globe is 2000 solid inches; what is the 
diameter? 

Tbus, 2000 -«- -5236 =» v'^819-7097 == 15-631 inches. Ans. 

2. The solidity of a globe is 10 soKd feet; Required the di- 
ameter. Ans. 2-67 feet. 
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Pkoblbh 28. 

Tbjmd tht convex mtfaee of a tpherical tone. 

RDI.E. — Multiply the height of the zone by the oircumference 

of a great ciride of the sphere, and the product will he the convex 

snrface. 

1. What ia the convex surface of the 
Eone A B D, the height B E being 9 
inches, and the diameter of the sphere 
42 inohee? 

Thus, 42 X 31416 = 131-9472 = 
circumference X 9 = 1187-6248 square 
inches, sur&«e. Ane. 

2. The diameter of a sphere is 21 
inches ; what is the snr&ce of a zone 
whose height is 4i inches ? 

Ans. 296-8812 sq. inches. 

3. The diameter of a sphere is 25 feet, and height of the lone 
4 feet ; what is the snrfaoe of the zone F 

Aub. 814-16 square feet. 



FSOBLEH 29. 
To find the toUdity of a apherieai tegnettt with one bate. 

Rule. — To 3 times the Square of the radius of the base add 
the squ&re of the height. 

Multiply this Bum by the height, and the product by -5236 ; 
the result will be the solidity of the segment. 

1. What is the soliditv of the segment 
ABB, the height B E being 4 feet, and 
the diameter A I) of the base being 14 

Thus, 7 X 7 =. 49 X 8 - 147 + (4* « 
16) = 163 X 4 X -5286 -= 841-8872 solid 
feet, which is the Bididity of the s^naent 
ABD. 

2. What is the solidity of a spherical spiun. 
segment, the diameter c€ its base being 

17-28868, and height 4-5? ' Am. 572-5666. 

3. What ia the solidity of a segment, when the diameter of tht 
sphere is 20, and the altitude of the segment 9 feet f 

Ans. 1781-2872 ovbie ieet. 
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Peobleh 80. 

To find 4he ^lidify of a gphericcU segmetU having two hoses. 

BuLE, — ^To the sum of the squares of the radii of .the two bases 
add one-third of the square of the distance between them ;. then 
multiply this sum by the breadth, and the product by 1-6708, 
and the result will be the solidity. 

1. Required ihe solid content of the 
zone A D F E, the diameter of whose 
greater base A E is equal to 20 inches, 
and the less diameter D F 15 inches, and 
the distance between the two bases 10 
inches. 

Thus, 10 2 = 100; 75« « 5625; 100 
-5- 3 i 33-33 ; 100 -h 56-25 + 33-33 « 
189-58 X 10 X 1-5708 = 2977-92264 solid . 
inches. Ans. 

2. What is^ihe solidity of the middle zone of a sphere, the 
diameter of whose greater base is 24 inches, the less diameter 
20 inches, and the distance between the bases' 4 inches? 

Ans. 1566*6112 solid inches. 




Sphere. 



Problem 31. — ^The Spheroip. 

The form of the eartli is an oblate sphennd, iiie axis about 
which it revolyes being about 34 miles shoirter than the diameter 
perpendicular to it. 

To find the soliditg of an ellipsoid. 

Rule. — Multiply the fixed axis by the square' of the revolving 
axis, ai^d the product by the decimal -5236 ; th^ result will be 
the required solidity. 

1. In the prolate spheroid A B C B, 
the tnmsure or fixed axis A C, is 8 feet, 
and the conjugate or revolving axis D B, . 
is 2 feet; what is the solidity ? 

Thus, 2« =« 4 X 3 « 12 X -5236 == 
6-2832 feet, the solidity. Ans. 

2. What is the sotidity of a prolate 
spheroid whose fixed axis is 100, and re- 
volving axis 6 feet ? Abb. 1884-96. 

3. What is the solidity of an oblate sphetoid whose axes are 
20 and 10, (20* X 10 x -5236.) Ans. 2094-4. 




^rolftte Spheitrid. 
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Tofmd &e toliditj/ of a paraboloid. 

KnL£. — Mnltiply the area of the base by half the altitude, ai 
the product will be the solidity. 

1. What is the solidity of a paraboloidj 
A C B A, whose height C m ia 7 feet, and 
the diameter A B, ita circular base, 4 feet f 

ThuB, i» X -7854 X (7 -i- 2) = 16 X 
■7854 X 2-5 = 12-5664 x 3-5 = 43-9824 
cubic feet. Ans. 

2. Bei^uired the solidity of a paraboloid ' 
whose height is 60 inches, and the diameter 
of its base 40 inches. Ans. 10^^ ft. 

3. Required the solidity of a paraboloid whose height Is 50 
inches, and the diameter at ita base, 100 inohea. 

Ans. 1136284 feet. 




TEE FIVE OEOULAB BODIES. 
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1. The Tetratdron, or equilateral pyramid, is a solid boundfil 
\>y toxa equal triaagles. 

2. The Sexaedron, or cube, is a solid bounded by sis equnl 
squarea. 

3. The OelaedTon b a solid bounded by eight equal triangle!<. 
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4. The Dodecaedron is a solid bounded by twely0 equal 
pentagons. ^ , 

5. The Icosaedron is a solid bounded by twenty equal tri- 
angles. 

The above five regular bodies may be represented by making 
th^ figures of pasteboard/ and cutting the lines half through^ so 
that the parts may be folded and sewed together. 

The following table shows the surface and solidity of each of 
the regular solids^ when the linear edge is unity. 



No. of 
sidef. 


1 


BniUceB. 


SoiiditiBA. 


4 

6 

8 

12 

20 


Tetraedron 

Hexaedron 

Octaedron 

Dodecaedron 

Icosaedron 


1-73205 
600000 
^•46410 
20-64578 
8-66026 

< 


0-11785 
1-00000 
0-47140 
7-66312 
2-18169 



Problem 33. 

7b find the iUr/ace of a regular solid, when the length of the linear 

edge i$ given. 

Rule. — Multiply the square of the linear edge by the tabular 
number in the column of surfaces, and the product will be the 
surface required. 

1. The linear edge of a tetraedron is 3 ; what is its surface ? 
The tabular area is 1-78205; then 3* » 9, and 1-73205 x 9 

=*. 15-58^45. Ans. 

2. The linear edge of an octaedron is 5 ; what is its surface ? 
The tabular area is 3-46410 (X 5* = 25) « 86-6025 = suJ 

face. 

3. The linear edge of an icosaedron is 6 ; what is its surface ? 
The tabular area is 8:66025 x (6^ «« 36) » 311-769 « gor&ce. 

PnOBLEM 34. 

To find the wlidity of a regular solid when the length of the linear 

edge is known. 

RiTLE. — Multiply the cube of the linear edge by tibe tabular 
number in the column of solidities; and the product will be ike 
solidity required. ' 



H 
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1. What is the solidity of a regular tetraedron whose side is 6 ? 
The tabular number is 011786 X (6* « 216) = 25-4556. 

Answer. 

2. What is the solidity of a regular octaedron whose linear 
edge is 8 ? 

The tabular number is 0-47140 x (8^ » 612) =» 241-3568. 
Answer. 

3. What iEt the solidity of a regular dodeeaedron whose linear 
edge is 3 ? 

The tabular number is 7-66312 x (3» = 27) = 206-90424 = 
solidity. 

4. Kequired the solidity of an oetaedron whose side is .10 feet. 

Ans. 471-4 feet. 
6. Required the solidity of a.dodeoaedron whose side is 4 feet. 

Ans. 490-4396 feet. 

6. Required the solidity of an ioosaedron whose side is 3 feet. 

Ans. 58-9056 feet. 

7. What is the solidity of a dodecaedron whose side is 9 feet ? 

Ans. 5586-4144 feet. 



Method of finding the decimal numbers used in this volume. 



When the diame- 
ter of a circle is 
ly the eircumfe- 
renceis3-1416-5- 
or 3-141592. 



12 
8 
7 
6 
6 
4 
3 
2 

i 



•2618 

-3927 

•4488 

-5236 

•6283 

-7854 

1-0472 

1-5708 

2-2762 



A 






i 




8 


h 




7 


i 




6 


.1 


•7864 


5 


\ 




4 


1 




6 


^ 




2 


3 


, 


i 



0-98175 

01122 

0-13423 

0-15708 

019655 

0-2618 

0-3927 

0-1965 



\ 



i 



3-1416* « 9-8696; -031832 -&- 4 « -07968; -7854 h- ^« 

-418879; -07958 ^ 2 « -2821; 1. -*- 3-1416 « 031832; 
V7854 « -8862 ; ?/-05 « -7071 ; -433013 « area of an equi- 
lateral triangle. 

Note. — ^In the above Ukble, the exact products or remainders 
cannot always be obtained, but by a^pproadmatUm the result will 
be sufficiently correct for all purposes of practical utility. In 
some cases the circumference is given, 3-141592 : this will make 
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a small difference in the quotient ; but the given decimal in the 
rule should be used in .the solution of questions under tiwi mle. 



REVIEW. 



Dbfinitions. — 1. What is a cube? 2. What is a parallelopipedon ? 
8. What is a prism? 4. What is a cylinder? 6. What is a cone? 
6. What is a pyramid ? 7. What is a sphere ? What is the centre of a 
sphere? What is the diameter of a sphere? The axis of a sphere? 
The poles of a sphere ? 8. What is a circular spindle ? 9. What is a 
spheroid or ellipsoid ? When is it called prolate ; when oblate f 10. What 
Is the se^ent of a sphere? 11. What is the frustum of a sphere? 
12. What is the zone of a sphere ? 13. What is the height of a solid ? 
14. What is a wedge ? 15. What is a prismoid ? Into how many parts 
is the mensuration of dolids dirided ? Name them ? (1.) (2.) 

PROBLEMS. — 1. How will you find the area, of the surface of a cube ? 
2. How will*you find the length of the side of a cube ?. 3. How willyou 
find tiie solidity of a cube ? 4. When the solidity is given, how will you 
find the side of a cube ? 5. How will you find the solidity of a parallel- 
opipedon ? 6. How will you find the solidity of a prism ? 7. How will 
ybvL find the convex surface of a cylinder? 8. How will you find the 
solidity of a cylinder ? 9. How will you find the surface of a right 
cone ? 10. How will you find the solidity of a cone? 11. How will you 
find the frustum of a right cone ? 12. How will you find t^he solidity 
of the frustum of a cone ? 13. How will you find the diameter of a 
cone, the solidity and altitude being given ? 14. How will you find the 
altitude of a cone, the solidity and diameter being given ? 1^. How 
will you find the surface of a regular pyramid ? 10. How will you find 
the solidity of a pyramid ? 17. How will you find the convex surface 
of the frustum of a pyramid ? 18. How will you find the solidity of 
the frustum of a pyramid? 19. How will you find the solidity of a 
wedge ? 20. How will you find the solidity of a prismoid ? 21.. How 
will you find the convex surfaces of oylindric rings ? 22. How will you 
find the solidity of a cylindric ring? 28. How will you find the di- 
ameter of a cylindric ring ? 24. How will you find the convex surface 
of a sphere ? 25. How will you find the solidity of a sphere or globe? 
26. How will you find the diameter of a sphere when the convex sur- 
face is given ? 27. How will you find the diameter of a globe, the soli- 
dity being given ? 28. How will you find the convex surface of a spheri- 
cal zone ? 29. How will you find th^ solidity of a spherical segment of 
one base ? 80. How will you find the solidity of a spherical segment 
having two bases? 81. How will, you find the solidity of an ellipsoid? 
32. How will you find the solidity of a >pitraboloid ? Name the five 
regular bodies. 38. How wiH you find the surface of' regular solids ? 
34. How will you find the solidity of regular solids ? How can you find 
the decimal numbers used in mensuration ? 
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Abtuigebs' Wobk. 

A&TIFIOERS estimate or compute the value of their work by 
different measures, tables of which have been previoi^lj ^yen ; 
but the best method of taking the dimensions of all sorts' of arti- 
ficers' ,work ^s by feet, tenths, and hundredths — ^in other words, 
by decimah ; glazing, and masons' flat work, &c., by the foot ; 
painting, plastering, paving, &c., by the yard; flooring, parti- 
tioning, rooflng, tiling, &c., by the square of 100 feet; brick 
work, &c., by the rod or perch of 16} feet, whose square is 
272*25 feet. In calculating the square feet, it is usual to omit 
the -25, but the more correct way is to use the perfect number 
(272*25). The practice has formerly been to estimate the vari- 
ous kinds of mechanical work according to the rules and regula- 
tions of the several countries of Europe, particularly England 
and Germany J but the method has in some respects been de- 
parted from, which has rendered the calculations . different in 
several parts of the United States. The general system of compu- 
tation will be given, from which any others may easily be derived. 



The Carpentjea's Ruls. 

The carpenter's or sliding rule is used in the measurement of 
timber,, boards, and artificers' work; it consists of two equal 
pieces of box>wood, each one foot long, and connected together 
by a folding joint; the division of one face of the rule is in 
inches, half inches, quarter inches, eighths of inches, and six- 
teenths of inches, and, when the rule is open, is 24 inches or 2 
feet in length. The edge of the rule is divided decimalli/, that 
is, each foot is divided into ten equal parts, and each of those 
into ten equal parts; consequently the divisions are hiindredths 
of a foot, numbering from the right to the left. By the decimal 
division of the rule, it is convenient in bringing the dimensions 

Ho 
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into integers and decimals, and then, if mnltiplication is re- 
quired, it is more easily performed than when expressed in feet 
and inches. A correct knowledge of the use of the rule can only 
be acquired by practice. There are several kinds of rules, or 
scales for measuring, such as a scale or table of board measure, 
one of timber measure, another for showing what length for any 
breadth will make a square foot, &c^ ^ 



TlMBSE MEAStTRi;. 
To find the area of a hoard or plarik* 

EuLB. — Multiply the length by the breadth, and the product 
will be the content required. Or, multiply the length by the 
breadth in indies^ and divide the product by 12. 

When the board is broader at one end than at the other, add 
both ends together, and take half the sum for a mean breadth, 
and multiply as above directed. 

1. Required the content of a board measuring 12 feet 6 inches 
in length, and 1 foot 3 inches in breadth. 

Thus, 12-6 X 1-25 « 15-tj25 feet. Ans. 

Or, 12-5 X 15 = 187-5 -r- 12 = 15-625. Ans. 

2. What is the area of a board whose length is 8 feet 6 inches, 
and breadth 1 foot 3 inches?. 

Bi/ Bvodecimals. By Decimals. 

Ft. 8 6 in. Ft. 8 6 in: = 8-5 feet. 
Li ^ ^ =l-25x 

F6'* 10-625 Square feet. 

10 7 6" Ans. . 

3. How many square feet in a board whose breadth at one end 
is 15 inches, at the other 17 inches, the length being 6 feet ? 

Ans. 8 feet. 

4. What is the value of a plank whose breadth at one end is 
2 feet, and at the other 4 feet, the length being 12 feet, at 10 
cents per square foot? Ans. D. 3-60. 

5. Required the content of a board whose length is 18 feet 
9 inches, and breadth 16 inches. Ans. 25 feet. 

6. What is the value of a board whose length is 24 feet, and 
mean breadth 3 feet 8 inches, at Si cents per square foot? 

Ans. D. 2-635. 
7- Required the content of a board whose length is 20*25 feet, 
and breadth 1-75 feet. . 
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To find the content of a board or piece of timber tvhose thickness is 

more than one inch, 

EuLE. — Multiplj the area of the end in inches by the length, 
and divide the product by 12 ; or multiply the area of the end 
in inches by the length in inches, and divide the product by 144. 

1. What is the content of a piece of scantling measuring 18 ( 
feet in length, 6 inches in breadth, and 4 inches in thickness Y 

Thus, 6 X 4 = 24 X 18-5 = 444 h- 12 = 37 feet. Ans. 
Or, 18i » 222 in. x 24 « 6328 ^ 144 = 37 feet. 

2. What number of feet, board measure, is contained in a beam 
whose length is 42 feet 4 inches, breadth 14 inches, and thick- 
ness 12 inches ? Ans. 592 f feet. 

3. What is the value of a plank whose length is 16*5 feet,^ 
breadth 2*25 feet, and thickness 3 inches, at 5 cents per square 
foot? 

Having one dimension of a plank or board given ^ find the other 
' dimensionf so that the plank shaU contain a given area. 

Rule. — Divide the given aroa by the given dimension, and the 
quotient will be the other dimension. 

1. The length of a board is 16 feet; what must be its width 
that it may coiitain 12 square feet? 

Thus, 16 X 12 = 192 inches ; 12 square feet = 144 x 12 = 
1728 square inches ; then 1728 -h 192 =» 9 inches, the width of 
the board. 

2. If a board is 8 inches wide, what length of it will make 
4 square feet ? Ans. 6 feet. 

3. What is the content of a board whose length is 5 feet 7 
inches, and breadth 1 foot 10 inches ? 

Ans. 10 ft. 2' 10". 



To find the solid content o/sqyared or four-sided timber. 

When the ends are equal squares. 

Rule. — ^Multiply the length by the breadth, and that product 
by the thickness, and the result will be the solid content. To 
change solid feet into superficial feet, multiply by 12. 

1. A square piece of timber is 15 inches broad, 15 inches 
deep, and 18 feet long ; how many solid feet does it contain ? 

Thus, 15 X 15 x 18 « 28126. Ans. 

2. A squared piece of timber is 16. inches broad, 16 inches 
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deep, and IS feet long ; how many solid and superficial feet does 
it contain ? Ans. 32 solid feet, 384 superficial fdet. 

3. The length of a piece of ^timber is 24"5 feet; its ends are 
equal squares, whose sides are each 1 '04 feet ; what is the soli- 
dity ? ^ Ans. 26-49^2 solid feet. 

4. What is the content' of a piece of square timber 40 feet in 
length, and 18 inches in width and depth ? 

TTJicn the ends are unequal squares. 

• > 

BuLE. — Add together the areas of the two ends, and the pro- 
duct of the dimensions of the ends. Multiply this sum by the 
length, and-one-third of the product wUl be t^e solidity. 

1. In a piece of timber whose ends are unequal squares, the 
side of the greater is 18 inches, and that of the less 15 inches, 
and the length 24 feet ; required the solidity^ 

Thus, 1-6 X 1-5 = 2-25; 1-25 x 1*25 = 1-5625 + 2-25 + 
1-875 = 5-6875 x (24 -i- 3 «= 8) = 45-5.feet. Ans. 

2. What is the number of cubic feet in a stick of hewn timber 
whose ends are 3b inches by 27 inches, and 24 inches by 18 
inches, the length being 24 feet ? Ans. 102 feet. 

Ilamnff the area of the end of a square piece of timber y to find tJie 
length which must he cut off to obtain a (jiven solidity. 

Rule 1. — Reduce the given solidity to cubic inches. 

2. Divide the number of cubic inches by the area of the end 
expressed in inches, and the quotient will be the length in 
inches. 

1. A piece of timber is 10 inches square ] how much must be 
cut off to* make a solid foot ? 

Thus, 10 x 10 = 100 square inches. 
Then 172« -j- 100 « 17*28 inches. Ans. 

2. A piece of timber is 9 in^en broad and 6 inches deep ; 
how much in length will make 3 solid feet ? Ans. 8 ft. 

Round Txmbjer. 
To find the solidity of round timber. 

Rule 1. — Take the girt or circumference, and then divide it 
by 6. 

2. Multiply the ^uare of one-fifth of the girt by twice the 
length, and the product will be the solidity/ nearly. 
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• 

1. A piece of timber is 9*75 feet in length, and the girt is 13 
feet ; what is its solidity ? 

Thus, 13 -5- 6 — 2-6, the fiftH of the girt. 
Then 2-6^ » 6-76; and 9-76 x 2 » 19-5. 
And 6-75 x 19-6 =. 131-82 cubic feet. Ans. 

2. Eequired the content of a piece of timber, its length being 
9 feet 6 inches, and girt 14 feet. Ans. 148*96 cnbic feet. 

3. What is the solid content of a round piece of timber whose 
girt is 28-75 inches, and length 16 feet? Ans. 7*3472 ft. 

4. What is the solid content of a piece of timber, its length 
being 16 feet, and girt Si feet ? 

When Hie log tapers regularly from one end to the atker. 

Rule 1. — Gird, the timber at as many points as may be neces- 
sary, and divide the sum of the girts by their number, for the 
mean girt ; of which take one-fifth, and proceed as before. 

1. If a tree girt 14 feet at the thicker end^ and 2 feet at the 
smaller end, and 24 feet in length, how many solid feet will it 
contain ? Ans. 122*88. 

Rule 2. — To the product of the diameter add one-third ^ the 
square of their difference ; multiply the sum by -7854, and the 
product multiplied by the length will give the solidity ; or to the 
product of the circumferences add one-third of the square of their 
differences ; multiply the sum by *07958, and the i»roduct multi- 
plied by the length will give the solidity. 

2. What is the solidity of a log, the diameter of the greater 
end being 4 feet, that of the less % feet, and the length 27 feet ? 

Thus, 4x2=8; 2x2=4; 8 — 4-5-3=:i+8«9J. 

Then 7854 x 9 J = 7*3304 x 27 = 197*9208 soUd feet. Ans. 

3. If a log girt 6 feet at the thicker en^; and 3 feet at the 
smaller end, required the solidity when the length is 24 feet. 

Ans. 40*1083 feet. 

4. A tree girts at five different places as follows : — ^in the first, 
9-43 feet; in the second, 7*92 feet; in the third, 6-15 feet; in 
the fourth, 4*74 feet; and in the fifth, 3*16 feet, and the length 
of the tree is 17*25 feet; ^hat is its solidity f 

Ans. 54*42499 cubic feet. Rule 1. 

To find the number of cord feet in a log. 

Rule. — Multiply the square of the dijuaeter in iiiohes by the 
length, and divide by 144. 
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One-third of the girt or circumferenoe will be the diameter 
nearly. n 

•1. How many tons of Hewn or split timber are there in a log 
30 feet in length, and 2 feet in diameter ? 

Thus, 2 ft. - 24 in. x 24 = 576 x 30 « 17280 -h 144 « 120 
cord feet. 

Then 120 -*- 50 — 2| tons. 

2. In te& Iocs, eaoh 12 feet in lengthy and whose diameters 
are each 18 inches, how many cords? Ans. 2^^ cords. 

Saw-Loos. 

EuLE.— -*From the diameter of the log subtract the thickness 
of the slabs, the remainder will be the width ; from this deduct 
the waste of the saw; the remainder will be the number of boards. 

Multiply the number of boards by the width, and that product 
by the length of the log; the last product divided by 12, will 
give the number of feet Or, from the diameter of the log in 
inches, subtract 4 for the slabs. Then multiply the remainder 
by half itself, and the produc£ by the length of the log in feet, 
and divide the result by 8 ; the quotient will be the number of 
square feet. ^ . . 

1. What is the number of feet of boards which can be cut 
from a log 12 feet in length, and 2 feet in diameter ? 

Thus, diameter 24 in. --*- 4 for slabs s 20 rem., half rem. « 10 ; 
20 X 10 « 200 X 12 length of log » 2400 -*- 8 « 300, number 
of feet. 

2. How many feet can be cut from a log 28 inches in di- 
ameter and 14 feet long ? . Ans. 504 feet. 

3; From a log 24 feet in length- and 30 inches in diameter, 
how many feet of boards can be sawn, allowing 3 inches for 
slab&, and J for waste of the saw ? Ans. 1166-4 feet* 

4. How many feet can be cut from a log 20 inches in diame- 
ter and 16 feet long ? , Ans. 256 feet. 

5. How many feet can be cut from a log 12 inches in diameter 
and 12 feet long f Ans. 48 feet. 

6. How many feet can be cut from a log 32 inches in diameter 
and 20 feet long? 

Masons' Work. 

Masons measure walls by the solid perch, which is 16} feet in 
length, 1 foot in depth, and 1} in breadth; this is «qiial to 
24-75 solid feet, for 16i ^ 2 «..8i + 16} » 24*75 w^d Aet; 
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whereas, if the- breadth of the wall was but 1 foot^ there would 
be but just 16} solid feet; hence the reason why 24*75 feet are 
called a perch, for this is the actual number of solid feet in a 
wall l^i feet in length, 1 foot in depth, and 1} in breadth. If 
walls are more than the above thickness, the excess is charged 
accordingly. Solid measure is generally used for materials, and 
the superficial for workmanship. 

Rtjle. — ^In solid measure, multiply the length, breadth, and 
thickness continually together. And in superficial measure, the 
length and breadth of every part of the projection must be taken. 

1. Kequired the solid content of a wall whose length is 48*5 
feet, its height 10*75, and thickness 2 feet. 

Thus, 48*5 X 10*75 x 2 = 1042*75 solid feet. Ails. 

2. What is the solid content of a wall whose length is 60*75 
feet, its height 10*25 feet, and thickness 2*5 feet? 

Ans. 1556-71875 feet. 

3. What is a marble slab worth whose length is 5 feet 7 inches, 
and breadth 1 foot 10 inches, at 80 cents per foot ? 

Thus, 5 ft. 7 in. « 5y\ ft. « y^; and 1 ft. 10 in. « If feet 

11 . 67 11 737 , , . ^ , 737 ^ ^^ ^ 

= -5- ">-> Trt X -^- = -=:r = content m feet : -=Tr- x 80 cents 

58960 ^ 7370_^^,^^. . 
5=5 ,^- cents 5=» Q =i p. 8*18* 8| m; Ans. 

4. How many solid perches of stone are contained in a cellar 
wall, the length being 45*5 feet on one side, and the breadth 
within 24 feet at each end, 6| feet high, and 2 feet thick ? 

Ans. 118-72 perches. 

5. Required the cost of making a atone wall under a building 
whose length is 42 feet, breadth on the outside 26 feet; the 
height of the wall being 6-5 feet, and 2 feet in thickness, at 40 
cents per solid perch ? \ Abb. D. 40*889 + 

6. Kequired the solid content of a wall 82 feet 9 iuohes long, 
20 feet 3 inchei^ high, and 2 feet 3 inches thick. , 

Ans. 3770-2963 feet. 
'7. What 18 the solid content of a wall, the length of whieh is 
24 feet 3 inches, height 10 feet 9 inches, and thickness 2 feet ? 

Ans. 521*375 feet. 

> C18TSRN8. 

A eistem is a large reservoir coostruoted to Wd^ water, and 
is generally made of brick or mtionry. 
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To find the number of hogsheads which a cistern 0/ given dimen- 
sions will contain. 

Rule. — Find the solid eontent of the cifitem in ctibio iiiches. 
Divide the oontent so found by (231 x 8B) ss 14553, and the 
cjuotient will be the number of hogsheads. . 

1. The diameter of a cistern* is 6 feet 6 inches^ and height 10 
feet ; how many hogsheads will it contain ? 

Thus, 6 ft. 6 in. = 78 inches ; 10 x 12 « 120 inches ; 78« « 
6084 X 120 in. « 730080 x -7854 = 573404-8320 -*. 14553 « 
39-40 hogsheads. 

2. The .diameter of a cistern is 14 feet, and height 18 feet ; 
how many hogsheads wiU it contain? 



The diameter of a cistern being given, to find the height, 90 that 
the cistern shall contain a given number of hogi^eads. 

Rule. — ^Reduce the content to cubic inches; reduce the di- 
ameter to inches, and then multiply its square by -7854. Di- 
vide the content by the last result, and the quotient will be the 
height in inches. 

1. The diameter of a cistern is 8 feet; what must be its height 
that it may contain 150 hogsheads? 

Ans. 25 ft. 1 in. nearly. 

Note. — ^If the cistern is square, find the content in cubical 
inches, which bring to gallons ot hogsheads. 



Brioklayers' Work. 

There af e several methods by which bricklayers compute their 
work, generally at the rate of one and a half bricks in thickness; 
and if the wall be more or less than this standard, it can be re- 
duced to it if required : — ^the rod square of 16} feet, or 272 J 
square feet ; and that of 18 feet, or 324 square feet, and that 
which is 16} feet long and 1 foot high, &c. It is the general 
practice in this country, at the present time, to calculate bricks 
by the 1000, but this must depend upon the size of the bricks. 
All windows, doors, &c. are to be deducted out of the contract 
of the walls in which they are placed ; but the deduction is made 
only with regard to materials ; for ^e value of their workman- 
ship is added to the bill at the rate agreed upon. 
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The size of bricks in common use is 3 inches in length, 4 
inches in width, and thickness 2 inches; or 64 cubic inches in 
1 brick, and 27 bricks in 1 cubic foot. In e^imating the num- 
ber of bricks for a wall or house, it is necessary to know thi; 
«ize of the bricks to be used in the construetion. A brick 9 
inches long, width 4} inches, thickness 2} inches, will contain 
91i cubic inches, and nearly 19 bricks in a cubic foot. 



To find the number of bricks required ta build a wall of given 

dimensions. 

Rule 1. — Find the content of the wall in cubic feet. 

2. Multiply the number of cubic feet by th# number of bricks 
in a cubic foot, and the result will be the number of bricks re- 
quired. 

1. How many bricks, of 8 inches in length, will be required 
to build a wall 30 feet long, a brick and a half thick, and 15 
feet high? Ans. 12150. 

2. How many bricks, of tte usual size, will be required U) 
build a wall 50 feet long, 2 bricks thick, and 36 feet in height ? 

Ans. 64800. 
Thus, 36 X 50 = 1800 feet ; 2 bricks in thickness equal 16 
inches, or U feet; 1800 -j- 3 = 600 + 1800 = 2400, number 
of cubical feet in the wall ; then 2400 X 27 number of britjks in 
a cubical foot « 64800. Ans. 



Brick Work. 

Rule. — Multiply the total number of feet in the wall by the 
number of half bricks in the thickness of it, and divide the pro- 
duct by 3, which will give the standard measure. Then divide 
by 272 J, or by 324, as the case may require, and the quotient 
will be the number of rods required ; the J may be omitted. 

1. K a wall measure 125 feet in length, 12 feet high, and 2 J 
bricks thick, how many rods does it contain ? 

Thus, 125 X 12 X 5 -^3 =. ^500 -i-272 =94| rods. Ans. 

2. 5ow many rods are contained in a wall whose length is 67 
feet^ and height 32 feet 6 inches, the wall being 3 bricks thick f 

Ans. 16-01 rods. 

3. What is the cost of. a wall 60 feet long, 17^ feet high, and 
2^ biiokB thick, at D. 7*50 per thousand ? 

Aps. D. 354-37}. 



Carpenters' and Joiners* Work. 

By carpenters' and joiners' work we are to understand .all 
Kinds of wood work used in buildings, and \b measured by the 
square of 100 feet. In some cases the framing is measured by 
the square foot, in others by long measure. 

Joiners* work is generally measured by the yard or foot ; in 
measuring doors, window-cases, &c., each piece is measured by 
itself. A roof is said to have a true pitch wlien the length of 
the rafters is three-fourths the breadth of the building, as the 
rafters are then at nearly right angles. In all kinds of arti&)ers' 
work the calculations must be made in accordance with the con- 
ditions of the contract, which, in many cases differ frOm any 
toritten rule. 

1. How many squares, of 100 square feet each^ in a floor 48 
feet 6 inches long, and 24 feet 3 inches broad ? 

Ans. 11 and 76 J square feet. 

2. How many squares are there in a partition 91 feet 9 inches 
long, and 11 feet 3 inches high ? Anis. 10 and 32 sq* feet. 

3. What is the expense of flooring a building 45 feet 6 inches 
long, 26 fe^ 9 inches wide, two stories high, .at D. 1*45 per 
square of 100 feet ? Ans. D. 35-296. 

4. If a floor is 90 feet long and 40 feet broad, how many 
squares will it contain ; and what will be the cost of the boards 
at 1} cents per square foot? Ans. 36 squares, and I). 54*00. 

5. What will it cost to enclose a beam as high as the eaves, 
which is 60 by 45 feet, and 20 feet high to the eaves, at D. 1-85 
per square of 100 feet ; and what will be the cost of the boards 

at D. 4-75 per M ? 

6. What will it cost to lay the shingles on a roof, each side 
being 18 feet by &5 feet, at 75 cents per square yard? 



SLATtIRS' AND TiLERS' WORK. 

In slating and tiling, the content of a roof is found by multi- 
plying the length of a ridge by the . girt from eave to eave ; in 
slating^ allowances must be made for the double row at the bot- 
tom. In taking the girt, the line is made to ply over the lowest 
row of slates, and returned the under side till it meets with the 
wall or eaves-board; but in tiling, the line is stretched down 
only to the lowest part, without returning it up again. For hips, 
valley E|, gutters, &c., double measure is generally allowed, bat 
no deductions are made for chimneys, &c. In all works of this 
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kind, the content- is computed by the square yard, or the square 
of 100 feet. 

1. The length of a slated roof is 48-6 feet, and its girt 36-25 
feet ; required the content. 

Thus, 86-25 x 48-5 feet «: 1758-125 square feet. Ans. 

2. What will the tiling of a bam cost at D. 1*25 p6r square 
yard, the length being 42 feet, and depth 30 feet 6 inches on the 
flat, the eaves projecting 15 inches, the roof being a true pitch ? 

Ans. D. 281-458. 
8, The length of a slated roof is 45 feet 9 inches, and its girt 
84 feet 3 inches } required the content. 

Ans. 1566-9375 square feet. 

4. What is the content of a slated roof, the length being 50 
feet 9 inches, and the whole girt 35 feet 6 inches ? 

5. Required the content of a tiled roof, the length being 65 
feet, and the whole girt 45 feet. 



Plasterers' Work. 

Plasterers' work is of two kinds, namely, ceiling, which is 
plastering on laths ; and rendering, which is plastering on walls : 
these are measured separately. The contents are estimated either 
by the square foot, the square yard, or by the square of 100 feet, 
except cornice, mouldings, &c., which is measured by running or 
linear measure. Deduction is made for doors and windows. 
Whitening and colouring are measured in the same manner as 
plastering. 

1. K the partitions between rooms are 141*5 feet about, and 
11-25 feet high, how many yards do they, contain? 

Thus, 141-5 ^ li-25 = 1591-875 -^ 9 « 176-875 yds. Ans. 

2. How many, square yards are contained in a ceilmg 43 feet 
8 inches long, and 25 feet 6 inches broad ? 

Ans. 122} nearly. 
8. In a room 25 feet 6 inches long, 16 feet wide, and 9 feet 
8 inches high, what will the plastering of the ceiling and walls 
come to, at 25 cents per yard ? Ans. D. 82-659. 

4. If a ceiling be 64-75 feet long, and 24-5 broad; how many 
square yards does it contain ? Aris. 176-263| yards. 

5. The four walls of a church are each 84 feet in len^h and 
32 in height; required the number of square yards in the four 
walls, and the cost of plastering at 8 cents per square yard. 

Q, In a dining saloon the length is 75*5 feet, width 86 feet, 
height to ceiling 18 feet; required the number of square yards 
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in the four walk, and alcfo in the oeih'ng, and the cost of the 
whole at 12} oents per square yard. 

Painters' Work. 

Painters^ work is computed in square yards ^ every part is 
measured where the colour lies, and the measuring line is car- 
ried into all the mouldings and cornices. 

Windows are generally done by the pie6e ; it is usual to allow 
double measure for carved mouldings, &c, 

1. How many yards of painting in a room which is 65 feet 
6 inches in perimeter, and 12 feet 4 inches in height ? 

Ans. 89 1 i square yards. 

2. If a room be painted, whose height is 12 feet 4 inches, and 
its compass 111 feet 3 inches, how many yards does it contain, 
and what will it cost at 18 cents per yard ? 

Thus, 111 ft. 3 in. x 12 ft. 4 in. = 1872 ft. 1 in. ; and 1372 
ft. 1 in. -5- 9 =s 152-45 yards x 18 = D. 27-44, amount. 

3. The length of a room is 20 feet, its breadth 14 feet 6 
inches, and height 10 feet 4 inches ; how many yards of painting 
are in it, deducting a fireplace of 4 feet by 4 feet 4 inches, and 
two windows, each 6 feet by 3 feet 2 inches ? 

Ans. 73g^Y square yards. 

Pavers' Work. 

Paveri work is done by the square yard ; and the content is 
found by multiplying the length and breadth together. 

1. What is the cost of paving a sidewalk, the length of which 
is 35 feet 4 inches, and breadth 8 feet 3 inches, at 54 cents per 
square yard? Ans. D. 17-48-9. 

2. How many yards are there in a sidewalk, the length of 
which b 396 feet, and breadth 12 feet 4 inches ? 

Ans. 5425. 

3. How many bricks will it require to pave a square yard, 
whose side is 90 feet, allowing 42 bricks to a square yard ? 

Glaziers' Work. 

Glazier^ take their dimensions either in feet, inches, and 

parts ; or feet, tenths, and hundredths ; they compute their work 

in square feet. It is the common practice to take the whole 

window-frame for glazing, and multiply its superficies by the 

number of panes. 

10 
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1. What will the glaiing of a triangular skylight eome to at 
20 cents per foot, the base being 12 feet 6 inches^ and the per- 
pendicular height 6 feet 9 inches ? 

Thus, 12-5 X 3-376 =- 42-1875 feet x 20 « D. 8-43|. Ans* 

2. In a court-house there are 16 windows, each 8 feet 6 inches 
by 4 feet 3 inches ; required the number of square feet in the 
16 windows, and cost of glazing at 15 cents per square foot. 

Plumbers' Work. 

Plumbers' work is estimated by the pound, or hundred weight 
of 112 pounds. Sheet lead used for gutters, &c., weighs from 
6 to 12 pounds per square foot ; leaden pipes vary in weight 
according to the diameter of their base and thickness. The fol- 
lowing table shows the weight of a square foot of sheet lead ac- 
cording to its thickness ; and weight of a yard of leaden pipe 
according to its diameter : 



Poands to a 
square foot 




6-899 
6-564 
7-373 
8-427 
9-831 
11-797 



Bore of 


PoundB per 


leaden pipe. 


yard. 


0| 


10 


1 


12 


11 


16 


n 


18 


ii 


21 


2 


24 



1. Required the weight of a sheet of lead which is 20 feet 6 
inches in length, and 7 feet 9 inches in breadth, and 8} pounds 
to the square foot. 

Thus, 20-6 X 7-76 = 168-875 x 8i t= 1310-719 lbsr=ll 
cwt. 2 qrs. 22| lbs. Ans. 

2. What win be the cost of 130 yards of leaden pipe of an 
inch and a half base, at 8 cents per pound, allowing each yard 
to weigh 18 pounds ? Ans. D. 187*20. 

Bins of Grain. 

ft 

It . is the practice of farmers to make htm or boxes for the 
storage of their grain. It is frequently necessary to ascertain the 
quantity of grain a box of given dimensions will contain; or 
what size the box must be to contain a given quantity of grain. 
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Sinee a bnshel contains 21504 cubic inches^ it follows that a 
bushel contains one and a quarter cubic feet nearly; then by 
having any number of bushels, you can find the corresponding 
number of cubic feet by increasing the number of bushels one- 
/mirth itself, and the result will be the number of cubic feet. 

1. A bin contains 372 bushels; required the number of cubic 
feet. 

Thus, 372 -f. 4 = 93 + 372 = 465 cubic feet. 

2. In a bin containing 400 bushels, how many cubic feet ? 

Ans.. 500. 



To find the number of ImsTiels which a bin of a given size will 

hold. 

KuLE. — ^Find the content of the bin in cubic feet ; then dimi- 
nish the content by J, and the result will be the content in 
bushels. 

^ 3. In a bin 8 feet long, 4 feet wide, and 5 feet high, how 
many bushels may be held ? 

Thus, 8 X 4 X 5 = 160 -f- 6 = 32; 160 - 32 = 128 bushels. 
Answer. 

In the following question increase the dimensions J. 

4. What must be the hfeight of a bin that will contain 600 
bushels, its length being 8 feet, and breadth 4 feet ? 
Thus, 600 H- 4 = 150 + 600 « 750 cubic feet. 
And 8x4 = 32, the product of the given dimensions. 
Then 750 — 32 « 23-44 feet, the height of the bin. 

Vaulted and Arched Koofs. 

Arched roofs are either vaults, domes, saloons, or groins. 

Vaulted roofs are formed by arches springing from the oppo- 
site wall, and meeting in a base at the top. 

Domes are made by arches springing from a circular or poly- 
gonal base, and meeting in a point at the top. 

Groins are formed by the intersection of vaults with each 
other. 

Circular roofs are those whose arch is some part of the cir- 
cumference of a circle. 

Elliptical roofs are those whose arch is some part of the cir- 
cumference of ail ellipsis. 

Qothic roofs are those which are formed by two circular arc 
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that meet in a point directly over the middle of the breadth or 
span of the arch. ^ 

To find the solid content of a circular , elliptical y or Gothic vaulted 

roof. 

Rule. — Find the area of one end, and multiply it by the 
length of the roof; the product will be the solidity required. 

1. Required the solidity of an elliptic vault whose span is 40 
feet, height 12 feet, and length 80 feet. 

Thus, 12 X 40 X -7854 = 376-992 = area of one end. 
And 376-992 x 80 = 30159-36 feet, soUdity required. 

2. What is the solid content of a semi-circular vault whose 
span is 40 feet, and its length 120 feet ? 

Thus, 40 X 40 = 1600 x -7854 » 1256-64 -5- 2 *» 628-82. 
Then 628-32 x 120 = 75398-40. Ans. 

3. What is the solidity of a semi-circular vault whose span is 
40 feet, and length 124 feet? Ans. 77911-68. 

To find the concave (rr convex surface of a circular, elliptical, or 

Gothic vaulted roof 

Rule. — Multiply the length of the arch by the length of the 
vault, and the product will be the superficies required. 

1. What is the surface of a vaulted roof, the length of tha 
arch being 35 feet) and the length of the vault 140 feet t 

Thus, 35 X 140 =« 4900 square feet, the surface required. 

2. Required the surface of a vaulted roof, the length of the 
arch 40 feet 6 inches, and the length of the vault 79 feet. 

Ans. 3199-5 feet. 



To find the solid content of a domcy its height and the dimennotu 

of its base hchig known. 

Rule. — Multiply the area of the base by two-thirda of the 
height, and the product will be the solidity. 

1. What is the solid content of a spherical dome, the diameter 
of whose circular base is 60 feet, and height 30 feet ? 

Thus, 60 X 60 = 3600 x 7854 = 282744 x 20 (f of 30) « 
56548-8. Ans. 

2. What is the solid content of an octagonal dome, each side 
of its base being 20 feet, and the height 21 feet ? 

Ana. 270391912 feet 
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7h find the superficial content of a spherical dome, 

IluLE. — Multiply the area of the base by 2, and the pi:oduct 
will be the superficial content required. 

1. Eequired the superficial content of an hexagonal spherical 
dome, each side of the base being 20 feet 

Thus, 20 X 20 =. 400 x 2-598076 — (area of a hexagon 
whose side is 1,) 1039-2304 = area of base X 2 « 2078-4608. 
Answer. 

2. What will be the expense of painting an hexagonal spherical 
dome, each aide of whose base is 20 feet, at 15 cents per square 
yard? Ans. D. 34-641. 

To fimd the aoUd content of ^ vacwUy formed hy a groin or archy 
I either circular or elliptical, 

KuLE. — ^Multiply the area of the base by the height, and the 
product by -904, and it will give the solidity required. 

1. What is the solid content of the vacuity formed by a cir- 
cular groin, one side of its square base being 12 feet, and length 
6 feet ? 

Thus, 12« X 6 X -904 » 781-056 » solidity required. 

2. What is the solid content of the' vacuity formed by an 
elliptical groin, one side of its square* base being 20 feet, and 
height 6 feet? Ans. 2169-6 feet. 

To find the concave superficies of a drctdar groin. 

Rule. — ^Multiply the area of the base by 1-1416, and the pro- 
duct will be the superficies required. 

1. What is the curve superficies of a circular groin arch, one 
side of its square being 12 feet? 

Thus, 12 X 12 X 11416 .=: 164-3904, superficies required. 

2. What is the concave superficies of a circular groin arch, one 
side of its square being 9 feet? Ans. 92-4696. 

To find the superficies of a saloon. 

Rule.; — ^Pind its breadth by applying a line close to it across 
the surface ; find also its length by measuring along the middle 
of it; quite round the room ; then multiply these two dimensions 
together for the superficial content. 

1. The girt across the face of the saloon is 4 feet, and its 
mean compass 99 feet; what is the superficial content? 
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Thus, 99 X 4 as 896 feet, the superficial content. 

2. The girt across the face of a saloon is 24 feet, and the mean 
compass 196 feet ; required its surface. 

3. The girt across the face of the saloon is 18 feet, its mean 
compass 184 feet ; required its surface. 

4. The girt atcross the face of the saloon is 28 feet, its mean 
compass 224 feet ; required its surface. 

Specific Gravity. 

The specific gravity of bodies are their relatiye weights con- 
tained under the same given magnitude, as a cubic foot, a cubic 
inch, &c. ; and are expressed by the numbers annexed to their 
names in the following table, as found by actual experiments, and 
are calculated to correspond with a cubic foot of each avoirdupois. 

It has been ascertained that a cubic foot of rain water weighs 
62" J pounds, or 1000 ounces avoirdupois; and a cubic foot con- 
taining 17^8 cubic inches, it follows that a cubic inch weighs 
•03616898148 of a pound; hence by multiplying the specific 
gravity of a body by the above number, the product will be the 
weight of a cubic inch of that body in pounds avoirdupois, whidi 
being multiplied by 175, and the product divided 1^ 144, the 
quotient will be the weight of a cubic inch in pounds troy — 
144 pounds avoirdupois being equal to 175 pounds troy. 



Table of Specific Gravities. 



N&mes of Materials. 



Platina, hammered, 
Very &ie gold - 
Platina - - 
' Pure cast goid - 
Standard gold 
Guinea gold 
Moidore gold 
Mercury, at 32** 
Cast lead 
Pine silver 
Standard silver 
Bose copper 



8p«cifio 


WaUht of 

leanclbot 




InnM. 


20-337 


1271-81 


19-689 




19-500 


1218-76 


19-268 


1204 42 


18-888 




17-793 




17-144 




13-619 


85118 


11-344 


709-00 


10-474 


654-91 ! 


10-312 


644-5 ; 


9000 


i 


1 


\ 
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NaiBM of MaterialB. 




Cast copper 

Cast brass 

Hard steel - . . . . 

Bar iron 

Cast tin 

Cast iron • - 

Cast zinc 

Iiead ore 

Copper ore - - - - 

idniestone - - - - - - 

Diamond - - - - 

CiYBtal glass .... 

White glass - - - . . 
Chalk - . - - , . 
Marble - - - - . 

Alabaster - - - . - . 
Pearl - - - - - . . . 

FUnt 

Paving stone - - - - - 

Comelion 

Green glass ^ . . . . 
Common stone - - . . 

Sulphur 

Brick . . - . . 

iTory 

Nitre 

Gunpowder 

Bone of an ox - 

Honey 

Lignum viti^ .... 
E1x>nY - - - ... 

Oak - 

Human bk)od . . . , 

Amber 

Milk 

Sea water 

Distilled water . . . . 

Id^pud turpentine >> 

Bttgnndy wind • « • - 



8-788 
8-306 
7-816 
7-788 
7-291 
7-271 
7190 
6-800 
8-776 
3-179 
3-400 
3150 
2-892 
2-784 
2-742 
2-730 
2-684 
2-582 
2-578 
2-568 
2-642 
2-520 
2-083 
2000 
1-822 
1-900 
1-714 
1-659 
1-456 
1-333 
1-331 
1170 
1-054 
1-078 
1-030 
1028 
1-000 
-991 
-991 



Weight of 

1 cubic foot 

inlbB. 



549-25 
524-75 
488-50 
485-57 
455-68 
454-43 
449-37 



198-68 



174-00 
171-38 



157-60 
12706 
126^ 



83-31 
88-18 
7312 
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Names of Materials. 



Camphor - - - 

Oak^ English, 

Bees' wax . - - 

Tallow - - . - 

Olive oil - 

Logwood 

Box, French, 

Wax .... 

Oak, Canadian, - 

Alder - - 

Apple tree 

Ash - . 

Maple 

Cherry tree - 

Beech . - - 

Elder - - - 

Walnut ^ . - 

Pear - - . . 

Pitch pine 

Cedar - - - - 

Mahogany 

Elm - . - . 

Larch ... 
Poplar - - - - 
Cork- 
Air, at the earth's surface^ 
Inflammable air - 



SpecUlc 
Qiatity. 



•989 

•970 

•965 

•945 

•915 

•913 

•912 

•897 

•872 

•800 

•793 

•760 

•750 

•715 

•696 

•695 

•671 

•661 

•660 

•596 

•560 

•556 

•544 

•383 

•240 

•OOli 

•00012 



Weight of 

1 cubic fi>ot 

in lbs. 



60-62 



5706 
5700 

5450 
5000 
49-56 
4750 
4687 
44-68 
43*50 
43 44 
41-94 
41-31 
4125 
37^25 
8500 
34-75 
3400 
23 94 
1500 



NoTE.^-All bodies expand with heat and contract with cold, 
but some more and some less than others; consequently the 
specific gterity of bo4J£s is not precisely the same in summer 
as in winter. *^* 

The gpedfic gravity o/m-Aoefyf and its weight heinggivenj to find 

' {^ solidity. 

Bulk. — ^As the tabular specific gravity of the body is to its 
weight in avoirdupois ounces, so is one cubic foot, or 1728.Gubio 
incheS; to its content in feet or inches respectively. 
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1. Required the content of* an irregular block of common stone, 
which weighs 1 cwt. or 112 pounds. 

Thus, 2620 oz, : 1722 oz. : : 17^8 cubic in. : 1228f cubic 
inches. Ans. 

2. How many cubic inches of gunpowder are there in on^ 
pound? Ans. 14-91. 

3. How many cubic feet are there in a ton of dry oak, its 
specific gravity being *925 ? Ans. 38j|§ feet. 



The linear dimensions or magnitude of a body being given, and 
its ^ecijic gravity f to find its weight. 

Rule. — As one cubic foot, or 1728 cubic inches, is to the so- 
lidity of the body, so is the tabular specific gravity of the body 
to the weight in avoirdupois ounces. 

1. Required the weight of a block of marble whose length in 
63 feet, and its breadth and thickness each 12 feet, and specific 
gravity 27 ounces. 

Thus, 12« X 60 = 9072 solid feet. • 

Then 1 : 9072 : : 2700 : 244944 oz. = ^94:^j^ tons. 

2. What is the weight of a block of dry oak, whieh measures 
10 feet in length, and 8 feet in breadth, and 2*5 feet deep; 
specific gravity '925 ? Ans. 4335 1| lbs. 



To find the specific gravity of a body, when the body is Jieavier 

thafi water. 

Rule. — ^Weigh it both in and out of water, and the difference 
will be the weight lost in the water ; then as the weight lost in 
the water is to the whole weight, so is the specific gravity of 
water to the specific gravity of the body. 

1. A piece of platina weighed 83-1886 pounds out of water, 
and in water only 79*5717 pounds; required its specific gravity, 
that of water being 1000. 

Thus, 831886 — 79-5717 « 8-6169 pounds, which is the 
weight lost in water. 

Then 3-6169 : 831886 : : 1000 : 23000, the specific gravity, 
or the weight of a cubic foot of metal in ounces. 

2. A piece of stone weighed 10 pounds in the air, but in 
water only 6*75 ; what is the specific gravity ? 
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Having the mctgnitvde and weight of any body given, to find the 

specifi/C gravity* 

Rule. — ^Divide the weight by the magnitude, and the quotient 
will be the specific gravity. 

1. A piece of marble contains 8 cubic feet, and weighs 1858*5 
pounds, or 21656 ounces; required the specific gravity. 

Ans. 2707. 



To find the quantity of pressure against the sluice or hank which 

contains water. 

Rule. — Multiply the area of the sluice under water by the 
depth of the centre of gravity (which is equal to half the depth 
of water) in feet, and that product again by 62*5, the number 
of pounds avoirdupois in a cubic foot of fredi water, or by 64*4, 
the avoirdupois weight of a cubic foot of salt water, and the pro- 
duct will be the number of pounds required. 

, 1. The length of a sluice or floom being 80 feet, the width at 
the bottom 4 feet, and the depth of water 4 feet; what is the 
pressure of water against the sluice ? 

Thu3, 80 X 4 = 120 feet, area of bottom ; and 120 X 2 (the 
depth of the centre of gravity) = 240 cubic feet; and 240 x 62} 
= 15000 lb. « 6 tons, 18 cwt. 8 qrs. 20 lb. Ans. 



Gauging, or Measuring Casks.. 

There are four different forms of casks, which are frustums 
of different kinds of solids, named from the greater or less curva- 
ture of their sides. 

1. The middle frustum of a prolate spheroid. 

2. The middle frustum of a parabolic spindle. 
8. The two equal frustums of a paraboloid. 

4. The two equal frustums of a cone. 



To. find the content of a cask of the first variety. 

Rule. — ^To^ the square of the head diameter add double the 
square of the bung diameter, and multiply the sum by the 
length of the cask; then let the product b^ multiplied by *0009J 
for ale gallons, and multiplied by -0011 j for wine gallons. 
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1. Eequired the content of a spheri- ^^- ^• 
cal cask whose length is 40 inches^ 
and head and bung diameters 24 and 
32 inches. 

Thus, 24^ = 576 : 32^ = 1024 x 2 
= 2048 + 676=2624 X 40 «= 104960. 

Then 104960 x -0009 J = 97-0880 
ale gallons. 

And 104960 x -0011} = 118-9547 wine gallons. 

2. What is the content of a spheroidal cask whose length is 
45 inches, bung diameter 34 inches, and head diameters each 
25 inches, in ale gallons ? 

Ans. 122-716 ale gallons. 

3. A spheroidal cask is 4$ inches long, diameter at the bung 
32 inches, and the head diameters each 23 inches ; what is the 
content in wine gallons ? Ans. 122*7147 wine gallons. 



To find, the cmUent of a ca^ of the second form, 

BuLE. — To the square of the head diameter add double the 
square of the bung diameter, and from the sum take § of the 
square of the diflference of the diameters ; then multiply the re- 
mainder by the length, and the product again by -00091 for ale 
gallons, or by -0011 J for wine gallons. 

1. The length being 40 inches, 
and diameters 24 and 32 inches ; 
required the content. 

Thus, 32 — 24 = 8 X 8 = 64 X 
4 = 25-6 : 32^ = 1024 x 2 = 

2048 : (32 - 24).^ x | = 576 + 

2048 = 2624 — 25-6 = 2598-4. 

Then 2598-4 x 40 = 10393-6 x 00091 « 96-1408 ale gallons. 
And 103936 x 0011 J = 117-9741 wine gallons. 

2. What is the content in wine gallons, of a cask whose length 
b 40 inches, bung diameter 31 inches, and head diameter 24 
inches? Ans. 122*7143 gallons. 




To find the solidity of a cask of the third variety. 

KuLE. — To the square of the bung diameter add the square 
of the head diameter ; multiply the sum by the length, and the 
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product a^n by -0014, for ale gallons^ or by '0017^ for wine 
gallons. . 

1. Kequired the content of a cask of ^^ 
the third form, whose length is 40, and 
the diameters 24 and ^82 inches. 

Thus, 242 ^ 576 : 32* = 1024 + 
576 « 1600 X 40 « 6400 x -0014 =« 
89-6 ale gallons; 6400 X -0017 « 108-8 
wine gallons. 

2. Kequired the content in ale gallons of a cask of the third 
form, whose length is 50 inches, bung diameter 30 inches, and 
head diameter 20 inches. Ans. 91 ale gallons. 




To find the content of a cask of the fourth variety. 

Rule. — ^Add the square of the difference of the diameters to 
three times the square of their sum ; then multiply the sum by 
the length, and the product again by '00028 J for ale gallons, or 
by -00028^ for win^ gallons. 

1. Required the content when the ^Hr-*- 
length is 40, and the diameters 24 and 
32 inches. 

Thus, 32 + 24 =. 56 X 56 = 3136 x 
8 = 9408 : 8 X 8 = 64 + 9408 « 9472 
X 40 = 378880 x -000234 «= 87-90016 
ale gallons. 

And 378880 x -000284 «= 107-34983 
wine gallons, 

2. The length of a cask of the fourth form is '50 inches, the 
bung diameter 30 inches, and head diameter 21 inches ; required 
the number of ale gallons. Ans. 91*49+ ale gallons. 

3. The head diameters of a cask of the fourth foim are 18 
inches, the bung diameter 80 inches, and the length 50 inches ; 
required the content in wine gallons. Ans. 99*96. 




The Ullaqe of Casks. 

The ullage of a cask is what it contains when only partly filled. 
The cask is considered either standing on the end, with its axis 
perpendicular to the horizon, or as lying down on its side with 
the axis parallel to tl^e horizon. 
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To vllage a stavdin^ co^k. 

Rule. — ^Add all together, the square of the diameter at the 
surface of the liquor, the square of the diameter of the nearest 
end, and the square of double the diameter taken in the middle 
between the other two ; then multiply the . sum by the length 
between the surface and nearest end, and the product again by 
•0004| for ale gallons, or by -00051 for wine gallons in the le^a 
part of the cask, whether empty or filled. 

1. The three diameters being 24, 27, and 29 inches; required 
the ullage for 10 wet inches. 

Thus, 24 X 24 = 576 : 29« = 841 : 54^ =2916 '+ 841 + 
576 = 4333 x 10 « 43330 x -00041 = 20-2205 ale gallons; 
43330 X -00051 = 24-5535 wine gallons, 

2. If the diameter at the surface of the liquor in a standing 
cask be 32 inches, the diameter of the nearest end 24 inches, the 
middle diitmeter 29 inches, and the distance between the surface 
of the liquor and the nearest end 12 inches;^ required the 
number of wiiie gallons in thercsusk. Ans. '33} gallons. 

To vllage a lying cask, 

Rule. — ^Divide the wet inches by the bung diameter; find the 
quotient in the column of versed sines, in the table of circular 
segments, take out its corresponding segment; then multiply 
this segment by the whole content of the cask, and the product 
again by If for the ullage required, nearly. 

Thus, 8-00 -T- 32 = -25, whose tabular segment is -153646. 

T^^n 153546 x 92 = 14126232 x li = 17-65779 gallons. 

Note. — ^The table of versed sines i» omitted in this volume. 

To find the content of a cask, by the mean diameter. 

Rule. — Multiply the difference of the head and bung diame- 
ters by -68 for the first variety, by -62 for the second variety, by 
•55 for the third, and by -5 {6x the fourth;, when the difference 
between the head and bung diameters is less than 6 inches ; but 
when the difference between these exceeds 6 inches, multiply 
that difference by -7 for the first variety, by -64 for the second, 
by -57 for the third, and by -52 for the fourth. Add this pro- 
duct to the head diameter, and the sum will be a mean diameter. 
Square this mean diameter, and multiply the square bjr the length 
of the cask ; this product, divided by 359-05 for ale gallons, and 

by 294*1 for wine gallons. 

u 
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1. Required the content c of a cask of the first variety^ in ale 
gallons, whose length is 40, bung and head diameters 3z and 24 
inches. 

Thus, 82 — 24 = 8 X -7 = 6-6 + 24 = 29-6, the mean di- 
ameter. 

Then 29-6» x 40 =87616 x 40 = 35046-4. 
And 35046*4 -4- 35905 = 976 ale gallons. 

2. Required the content of a cask of the second yariety, in 
wine gallons, whose length is 20, bung and head diameter 16 
and 12 inches. Ans. 14*25 wine gallons. 



Ships' Tonnage. — Carpenters' Tonnage. 

There are seyeral methods by which to ascertain the measure- 
ment of ships, the following rule is probably the most correct. 



To find the tonnage hy carpenters^ measure. 

Rule. — For single-decked vessels, multiply the length and 
breadth at the main beam, and depth of the hold together, and 
divide the product by 95? For double-decked vessels, take half 
the breadth of the main beam for the depth of the hold, and work 
as above. 

If the deck be bolted at any height above the main wale, it is 
customary tq add half th^ difi'erence to the former depth, for the 
depth used in calculating the tonnage. 

1. What is the tonnage of a single-deoked vessel whose longth 
is 65 feet, breadth 20 feet 6 iaches, and depth 8 feet 9 inches ? 

Thus, 65 x 20-5 x 8-75 == 11659-375 -r- 95 « 122-73 tons. 

2. What is the tonnage of a double-decked vessel whose length 
is 75 feet 9 inches, and breadth of main beam- 24 feet 6 inches ? 

Thus, 75-75 x 24-5 x 12-25 = 22734-46875 -s- 95 « 239-31 
tons. 

3. What is the tonnage of a ship whose length is 97 feet, 
breadth 31 feet, depth 15-5 feet ? 

B^ anotJter method. — ^Thus, } the breadth sbj: 15*5 X 31 breadth 
= 480-5 X 97 length = 46608-5 ^ 94 « 495-83 tons. 

4. Required the tonnage of a ship, of which the length is 75 
feet, and the breadth 26 feet. 

Thus, 26* X 75 -3- 188 = 270 tons, nearfy. 
The content of Noah's ark is as follows, allowing the cubit to 
be 22 inches ; length of keel 300 cubits, breadth of the midship 
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beam 50 cubits, depth in the hold 80 cubits; its burthen as a 
man of war, 27729 tons; as a merchant ship, 29188*6 tons. 

Falling Bodies. 

When a body descends freely by its own weight, the velocity 
is as the time, and space as the square of the time. The time 
and velocity then'will be 1, 2, 3, &c. ; the space passed through as 
4, 9, 16, &c. ; and tbe spaces for each time as 1, 3, 6, 7, 9, &c. 
A falling body will descend through 16A ^^^^ i^ ^^^ ^^ second 
of time, its velocity increasing so, that m the next second it will 
fall 32J feet. 

A Tahh, sfiowing the time, ^pace, and velocity. 



SeoondB 

from the 

beglnniBg 


Velocity ac- 
quired lit the 
end oi that 


Squares. 


Space fallen 
through in that 

rtrvkn 


Spaces.- 


' 

Spac^follen 

tiirough in tbe 

last second of 1 


of descent 


time. 




.ume. 




time. 


1 


324 


1 


16^j 


1 


16,-, 


2 


64| 


4 


64J 


3 


48} 


3 


96* 


9 


144| 


5 


80,*j 


4 


128| 


16 


267| 


7 


112/- 


6 


160| 


25 


402^ 


9 


144| 


6 


193 


36 


579 i 


11 


176tJ 




2254 


49 


788^j 


13 


209^ 


8 


257i 


64 


1029 i 


15 


241} 


9 


2891 
32l| 


81 


13021 


17 


273/j 


10 


100 


1608i 


19 


305^5 


11 


353| 


121 


1946^2 


21 


337| 


12 


386 


144 


2316 


23 


369 jj 



To find the velocity a falling body wiU acquire in a given time. 

Rule. — Multiply the time in seconds by 32 J, and it will give 
the velocity required in feet per second. 

1. Required the velocity in 15 spconds. 
Thus, 15 X 32| = 482} feet. Ans. 



2. Required the velocity in 10 seconds. 



Ans. 321| ft. 



To find die velocity a body will acquire by falling from any 

given height. 

Rule. — Multiply the space in feet by 64 J, and the square 
root of the product will be the velocity acquired in feet per 
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second ; or^ when the time is given, multiply the time in seoonds 
by32J. 

1. Required the Telocity a ball has acquired in descending 
through 144 1 feet. 

Thus, v^l44| X 64 J « v^9312-25 =96-5.feet 

2. Required the velocity a ball has acquired in descending 
through 402^^ feet in 5 seconds. Ans. 160 1 feet. 

To find the space tkhnigh which a hody will fall in any given 

tvfne. 

Rule. — Multiply the square of the time in seconds by 16j'2, 
and it will give the space in feet. 

1. Required the space fallen through in 6 seconds. 
Thus, 6^ = 36 X 16^2 = 579 feet. Ans. 

2. A bullet being dropped from the top of a building was 5 
seconds in reaching the ground ; required the height. 

Ans. 402^5 feet. 

To find the time that a hody will be in falling through a given 

yfMXce. 

Rule. — ^Divide the space in feet by 16^, and the square root 
of the quotient will give the required time in seconds. 

1. Required the time a body will be in falling through 579 
feet of space. (579 -r- 16^'^ = v^36 =» 6 seconds.) 

2. How long will a body be in fallmg through 402 y'^ feet of 
space ? Ans. 5 seconds. 

To find the space fallen through, the velocity being given. 

Rule. — Divide the velocity by 8-02, and the square of the 
quotient will be the distance fallen through to acquire that 
velocity. 

1. If the velocity of a cannon ball be 579 feet per second^ 
from what height must a body fall to acquire the same velocity ? 

Thus, 57.9 -f- 8-02 = 72 19* «= 5211-3961 feet. 

2. If the velocity of a cannon ball be 689^1 feet per second, 
from what height must a body fall to acquire tne same velocity ? 

To find the time, the velocity per second being given. 

Rule. — Divide the velocity by 32 1, and the quotient will be 
the time in seconds. 
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1. How long must a ballet be in falling to acquire a velocity 
of 772 feet per second ? (772 -r- 82 J = 24 seconds.) 

2. How long must a bullet be in falling to acquire a velocity 
of 386 feet per second ? Ans. 12 seconds. 

Ascending bodies are retarded in the same ratio that descend- 
ing bodies are accelerated. 

To find the spo/ce moved throitgh by a body projected upward with 

a given vdodty, 

RuLfi. — Multiply the square of the time in seconds by IG^'^, 
(see Table) the velocity of the projection in feet by the number 
of seconds the body is in motion, and the sum of these products 
will be the space in feet when projected downward ; and the dif- 
ference of the products will give the distance of the body from 
the point of projection, when projected upward. 

1. If a rocket, projected upward, return to the earth in 12 
seconds, how high did it ascend ? 

The rocket is half the time in ascending 12 -^ 2 as 6 ; 19o 
X 6 = 1158 ; 6« = 36 X 16^jj .= 579 ; 1158 - 579 = 579. 
Answer. 

2. A ballet is droppeS from, the top of a building, and found 
to reach the ground iri 1*75 seconds; required the height. 

1-75 « 7, and 7 X 7 = 49 feet. Ans. 
Or, 1-76^ X 16 « 49 feet. Ans. 

8. In what time will a ball di^opped from^ the top of a steeple 
484 feet high,, come to the ground ? 

^/484 SB 22 -i- 4 SB 5} seconds. Ans. 



To find the velocity per second with which a heavy body will begin 
to descendy at any distance from the earth* s surfojce. 

EuLE. — ^As the square of the earth's semi-diameter is to 16 
feet, so is the square of any other distance from the earth's centre 
inversely to the velocity trith which it began to descend per 
seoond. 

1. "With what velocity per second will an iron ball begin to 
descend, if raised 3000 miles above the earth's surface ? 

As 4000 X 4000 : 16 : : 4000 + 3000 -f 3000 : 5-22449 ft. 
Answer. 

2. How high must a ball be raised above the earth's surface 

to begin to descend with a velocity of 5*22449 feet per second? 

Thus, 16 : 4000 x 4000 : : 5-22449 : 49000000. 

11* 
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And ^^49000000 « 7000 ; and 7000 — 4000 « 3000 mflea. 
Answer. 

To find the velocity of a falling stream of water per secondy at the 
end of any given time, the perpendicular distance being given. 

Rule. — ^The velocity required at the end of every period is 
equal to twice the mean velocity with which it passes during 
that period. Or 2d, Multiply the perpendicular space fallen 
through by 64, and the square root of the product is the velocity 
required. 

1. There is a sluice or flume, one end of which is 2-5 feet 
lower than the other; what is the velocity of the stream per 
second ? 

Thus, 2-5 X 64 te 160 ; and s/160 — 12-649 feet. Ans. 

The weight of a hbdy, and the spa^ye fallen through given , to find 

the force with which it will fftrUee, 

RuiiE. — ^Find the velocity by the preceding rule, and multiply 
it by the weight, which will produce the weight required. 

1. The rammer used for driving the piles of a bridge^ weighed 
2} tons or 4500 pounds, and feu through a space of 10 feet> 
with what force did it strike the pile ? 

Thus, -i7l0'x"64 = 25-3 « velocity; and 25-3 x 4500 = 
113850 pounds. Ans. 

Then reverse the question and rule; if the aforementioned 
rammer weighed 4500 pounds, and struck with a force of 113850 
pounds, from what height did it fall ? 

Thus,, 113850 -+. 4500 » 25-3 ; and 25-3 x 2"R + 64 — 10 
feet. Ans. 



To ascertain with what m^omentum or force a fluid m^ng with 
a given velocity strikes upon a fixed ohstade, 

Rule. — Divide the square of the velocity by 64, and the quo- 
tient will be the height required. Multiply /the heiffht by 62^ 
pounds avoirdupois for clear water, and by 4S for unclean water, 
and by 64 for salt water. 

1. Admit a stream of clear water to move at the rate of 5 feet 
per second, and to meet with a fixed obstacle (or bulk head) 15 
feet wide and 4 feet high, what is the momentary pressure of the 
stream? 
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25 
Thus, 5 X 5 -«- 64 = ^; and 25 ^ 64 « 39 of a foot, for the 



perpendicular fall of the water. 

Then 62*5 X *39 =a 24*375 pounds, the pressure upon each 
square foot, which multiplied by 60, (the number of square feet 
in the obstacle,) gives 1462*5 pounds, going with the given 
velocity of 5 feet per second; therefore 1462*5 x 5 && 7312*5 
pounds. Ans. 

r 

The quantity of water discharged from a hah in a vessel is as 
the sqiiareofth^ height of water above the aperture, 

1. A miller has a head of water 4 feet above the sluice ; how 
high must the water be raised above the spring, ^o that half as 
much again water may be discharged fi'om the sluice in the same 
time. 

Thus, v^4 s= 2, and half as much again is 2 + 1 "» 3, for the 
square of the required depth ; therefore, 3 x 3 ■■ 9 feet. Ans. 

Note.' — ^Water loses | of its power in producing effects. 

Penbtjlum. 

A pendulutn is generally a rod of wire of metal, at the lower 
end of which a heavy piece or ball of metal is attached. The 
time of a vibration in a cycloid is the time of a heavy body's 
descent through' h&lf its length, as th^ circumference of a circle 
to its diameter; that is, as 3*141'6 to 1 : therefore (as a body 
descends freely by gravity through about 193*5 inches in the first 
second) to find the length of a pendulum vibrating seconds, use 
the following 

Rule.— As 3-1416* : I x 1 : : 193*5 : 19*6 inches, the half 
length ; and 19*6 X 2 = 39*2 inches, the length. 

To find the length of a pendulum, that wiU vibrate any given 

time* 

Btjle.^ — ^Midtiply the square of the seconds in any given time 
by 39*2, the product will be the length required. 

1. Required the length of several penduluins, which will re- 
spectively vibrate \ seconds, i seeoncte, seconds, ininutes, and 
hours. 

Thus, -25* X 39*2 ■=2*45 inches for \ seconds; b^ X 39-2 
» 9*8 inches for i seconds; 1^ x 39*2 »> 39-2 inches for seconds^ 
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as above ; 60^ x 39-2 =s the inches in 2 miles, and 1200 feet for 
minutes; and 1 hour = 3600 seconds; therefore 3600^ X 39-2 
ss the inches in 8018 miles, and 96 feet for hours. 

2. What is the difference between . the length of a pendulum 
which vibrates half seconds, and one which vibrates 3 seconds ? 

Thus, 3 X 3^3M - -5 X -5 X 39-2 » 343 inches = 27/^ 
feet. Ans. 



To find the length of a pendulum for any number of vibrations 
in a miniUe at a particular place, the length of the pendulum 
which vibrates 60 at the same place being known. 

RiTLE. — ^As the number of vibrations given is to 60, so is the 
square root of the length of the pendulum that vibrates seconds 
to the square root of the length of the pendulum required. 

1. The len^h of a pendulum which vibrates seconds at New 
York is 39-1013 inches; wh^t must be the length of one which 
must make 80 vi,brations per minute ? 

Thus, 80 : 60 : : ^/391013 ^^^'^V;^ ^ ^^ ^ 6-253 x 60 

H- 80 = 376-18 -5- 80 = 4-689, the square root of the length of 
the pendulum required. 

Then 4-689 x 4-689 = 21-9867 inches. Ans. 

2. What is the length of the pendulum which beats 70 times 
in a minute at London, inhere the seconds pendulum is 39*1393 
inches in length ? Ans. 28-751 inches. 



The length of a pendulum being given, tb find the nuniber of 

vibrations in a minute, 

BtJLE. — ^As the square root of the length of the pendulum 
given is to the square root of the length of that which beats 
seconds, so is 60 to the number of vibrations required. 

1. How many vibrations will a pendulum 64 inches long make 
in a minute at New York, where the length of the pendulum 
vibrating seconds is 39*1013 inches? 

Thus, v^64 : v^39-1013 : : 60 : number of vibrations, 
(v^391013 X 60) 4- -v/64 - (6-253 x.60) -*- 8 =:37618-j- 
8 B= 46-8976 vibrations. Ans. 

2. At Paris, the seconds pendulum being 39*1280, how many 
vibrations will a pendulum that is 62-5 inches long make in a 
minute? Ans. 47-476 vibrations. 
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3. How many vibrations will a pendulum 49 inches long make 
in a minute at Edinburgh; where that which vibrates seconds is 
39-1555 inches? Ans. 53-631 vibrations. 



Distances as determined by the VELOoiirY op Sound. 

It has been ascertained by experiments that sound passes 
through the air at the rate of 1142 feet per second, or through a 
mile in about 4| seconds; therefore any distance may be readily 
found in feet, by multiplying the time in seconds which the sound 
takes to reach the ear by 1142 ; or in miles, by multiplying the 
same by ^. 

The time between seeing a flash of lightning, or ihat of a 
gun, and hearing the report, may be observed by a watch br a 
seconds pendulum; or it may be determined by the beats of the 
pulse at about 70 to a minute for a person in health, or 5} pulsa- 
tions for a mile. Sound of all kinds, it is ascertained, travels at 
the rate of 15 miles in a minute ; the softest whisper travels as 
fast as the most tremendous thunder. 

If a ship in distress fire a gun, the light of which is sden on 
shore, or by another vessel, 20 seconds before a report is heard, 
it is known to be at a distance of 1142 x 20, or a little more 
than 4} miles. If I see a vivid flash of lightning, und in 2 
seconds hear a sharp clap of thunder, I know that the cloud is 
not more than 700 yards from the place, and a sufficient warning 
to retire from an exposed situation. 

1. After observing a flash of lightning, it was 12 seconds be- 
fore I heard the thunder; required the distance of the cloud 
from which it came. 

12 X t\ (12 X 3 -f. 14) = 36 -T- 14 = 24 m. Ans. 

2. How iong, after the firing of a gun, 'may the report be 
heard, admitting the distance to be 8 miles in a straight line ? 

Thus, 8 X 14 =. 112 -^ 3 — 37 J seconds. 

3. How far off was a cloud, from which thunder issued, whose 
report was 5 pulsations after the flash of lightning, counting 75 
to a minute ? Ans. 1522f yards. 



Mechanical Powers. 

There are six simple machines, which are called Met^nical 
Powers; they are the Lever, Pally , Wheel and AaHe, Inclined 
Plane, Wedge, and the Screw. 
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Lever, or Steelyard. 

The lever is a straight bar of wood or metal, whieh moves 
around a fixed point called the fulcrum. There are three kinds 
of levers : 1. When the fulcrum is between the weight and the 
power. 5. When the weight is between the power and the ful- 
crum. 3. When the power is between the fulcrum and the 
weight. The parts of the lever, from the fulcrum to the weight 
and power, are called the arms of the lever. An equilibrium is 
produced in all the levers when the weight multiplied by its 
distance from the fulcrum is equal to the product multiplied by 
its distance from the fulcrum ; that is, the weight w to the power y 
as the distance from the power to ihefvlcrumy to the dis^iice from> 
the weight to the fulcrum, 

1. In a leVer of the first kind the fulcrum is placed at the 
middle point ; what power will be necessary to balance a weight 
of 40 pounds ? 

2. A lever of the first kind is 8 feet long, and a weight of 60 
pounds is at a distance of 2 feet from tte fulcrum ; what power 
will be necessary to balance it ? 

Ans. 20 pounds. 

S. The weight upon the short arm of a lever is 100 pounds, 
and its distance from the fulcrum 8 inches ; what powfer at the 
long arm, which measures 100 inches, ^ould just balance the 
weight ? 

Thus, 100 X 8 = 800 -J- 100 := 8 lbs. Ans. 

4. K a man weighing 160 pounds, rest on the end of a lever 
10 feet long, wh|it weight will he balance on the other end, ad- 
mitting the prop to be 1 foot from the weight ? 

The distance between the prop and power is 10 — 1=9 feet; 
therefore as 1 foot : 9 ft. : : 160 lbs. : 1440 lbs. Ans. 

5. If a weight of 1440 pounds is to b^ raised with a lever 
10 feet long, and the prop fixed 1 foot from the weight, what 
power or weight applied to the other end of the lever would 
balance it? > 

Ab 9 : 1 : : 1440 : 160 lbs. Ans. 

6. If a weight of 1440 pounds be placed 1 foot from the prop, 
at what distance from the prop must a power of 160 pounds be 
applied to balance it ? ■ 

As 160 : 1440 : : 1 : 9 ft. Ans. 

7. At what distance from a weight of 1440 pounds must a 
prop be placed, so that a power of 160 pounds applied 9 feet 
from the prop may balance it f 

As 1440 : 160 : : 9 : 1 foot. Ans. 
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Wheel and Axle. 

This machine is composed of a wheel and cranky firmly attached 
to a cylindrical axle. In order to balance the weight, we must 
have the power to the weight as the radius of the aode to the lengUi 
of the cranky or radiiis of the wheel. 



To find xchat forms will balance ea>ch other. 

Rule. — ^The weight, multiplied by its distance from the ful- 
crum, which is the radius of the axle, is equal to the power mul- 
tiplied by its distance from the same point, which is equal to the 
radius of the wheel. 

1. Required the weight that can be held in equilibrium by a 
power of 28 pounds applied at the circumference of a wheel, 
whose diameter is 6 feet, the rope which supports the weight 
being wound round an axis whose radius is 8 inches. 

The radius of the wheel is 3 ft. = 36 in. ; and 28 X 36 = 
1008 ^ 8 «- 126 lbs. the weight required. 

2. The diameter of a wheel is 60 inches; required the di- 
ameter of the axle, so that 1 pound on the wheel may balance 10 
pounds on the axle. 

As 1 : 60 : : 10 : 6 inches, diameter required. 



The Screw. 

The power is to the weight which is to be raised, as the dis- 
tance between two threads of the screw is to the circumference 
of a circle described by the power applied at the other end of the 
lever. 

Rule. — Find the circumference of the circle described by the 
end of the lever ; then as that circumference is to this distance 
between the spiral threads of the screw, so is the weight to be 
raised, to the power which will raise it. 

1. In a screw, whose threads are 1 inch apart, the lever by 
which it is turned 30 inches long, and the weight to be raised 
one ton, or 2240 pounds, what power or force must be applied 
to the end of the lever sufficient, to raise the weight ? 

Thus, the lever being the semi-diameter of the circle, the di- 
ameter is 60 inches; then 3 '1416 x 60 » 188*496 inches, the 
circumference; therefore, as 188*496 in. : 1 in. : : 2249 lbs. : 
11 '88. Ans. 

2. Let the lever be 30 inches, the circumference of which is 
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found to be 188*496^ the threads 1 inch apart; and the poww 
11*88 pounds; required the weight to be raised. 
As 1 : 188-496 : : 11-88 : 2240 lbs. nearly. Ans. 

3. Let the weight be 2240 pounds, the power 11-88 poundsy 
and the lever 80 inches; required the distance between the 
threads. 

As 2240 : 11-88 : : 288-496 : 1 nearly. Ans. 

4. Let the power be 11*88 pounds, the weight 2240 pounds, 
and the threads 1 inch apart; required the length of the lever. 

As 11-88 : 2240 : : 1 ; 188-6 inches. 

Then a? 355 : 113 : : 188-5 : 60 in. nearly, the diameter; 
60 -^ 2 =;x 30 inches. Ans. 

5n What power is required to raise a weight of 8000 pounds, 
by a screw 12 inches in circumference, and 1 inch pitch ? 

Thus, 12 : 1 : : 8000 : 666/3 ^^^ = ^^ P^^^ ^* ^'^ circum- 
ference of the screw. 



The Pulley. 

The pulley is a wheel, having a groove cut in its circumference 
for the purpose of receiving a cord which passes over it. When 
motion is imparted to the cord," the pulley turns around its axis, 
which is generally supported by being attached to a beam above. 
Pulleys are divided into two kinds, fixed and movable pulleys. 
When the pulley is fixed, it does not increase the power which is 
applied to raise the weight, but merely changes the direction in 
which it acts^ '" 

One movable pulley gives one mechanical power; if several 
pulleys are used, the advantage gained is still greater, and a 
heavy weight may be niised by a smaU power, but more time 
will be required. There is also a loss of power by the resistance 
of the pulleys, called /ric^'on, which varies in different machines, 
and must be allowed for in calculating to do a given work. It 
is plain, that in the movable pulley, all the parts of the cord 
will be equally stretched ; therefore each cord from one pulley 
to another will bear an equal part of the weight, consequently 
thejpoircr will always he equal to the weight divided by the num- 
ber 0/ cords which reach from one pvfley to another y or, 

BuLE. — ^The weight is equal to the product of the power by 
twice the number of movable pulleys. 

1. In a block and tackle, the movable block contains five 
wheels ; what power will be raised by it, with a weight of 380 
pounds f 380 X 10 » 3800 lbs. Ans. 
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2. In two movable pnllejB with 5 cords^ what power will sup- 
port a weight of 100 pounds ? 100 -^ 5 » 20 lbs. Ans. 

8. In a block and tackle, the movable block contains 8 wheels ; 
what power will be raised by it, with a weight of 640 pounds ? 



The Inolinj3) Plane. 

The inclined plane is a slope or declivity, which is used for 
the purpose of raising weights. The quantity of weight is great 
in proportion to the inclination of the plane ; and in consequence 
the difficulty of raising is greater, and the velocity, or relative 
quickness of motion less. The less the indinatwii of the plane 
the greater the pressu^ of the weight on the plane. 



To Jind the weigfht that a given jpotoer wiU mjpport <m an inclined 
plane, the length of which ii known. 

Rule. — Multiply the power by the length of the plane, and 
divide the product by the height ; the quotient is the weight that 
the power vfill support. 

1. An inclined plane is 14 yards long, and 2 yards high; re- 
quired the weight that will be supported on it by a power of 100 
pounds. 

Thus, 10 X 14 -i- 2 B 700 pounds, the weight required. 

% The length of a plane is 30 feet, and its height 6 feet; 
what power will be necessary to balance a weight of 200 lbs. ? 

Ans. 40 pounds. 

The height of a plane is 10 feet, and the length 20 feet ; what 
weight will a power of 50 pounds support ? Ans. 100 lbs. 



The Wedge. 

The wedge is composed of two inclined planes united together 
along their bases, and forming a solid. It is used to cleave 
masses of wood or stone. The wedge acts principally by beinff 
struck with a hammer or mallet on its head. As a theoretical 
rule, it may be said, that ha the length of the wedge is to its 
back, 80 is the resistance to the power. 



la 



MistellanfoUB (tvufBtionfii. 



1. From a mahogany plank^ 26 inches broad, a yard and a 
half is to be sawed off; what distance from the end must the 
line be struck ? Ans. 6*23 feet. 

2. A joist is 8} inches, deep, 3} broad; what will be the di- 
mensions of a scantling just twice as large sa a joist that is 4*75 
inches broad? Ans. 12*52 inches deep. 

3. The two sides of an obtuse-angled triangle are 20 and 40 
poles ; what must the length of the third side be, so that the tri- 
angle mtiy contain just one acre? Ans. 58*876. 

4. What will the diameter of a globe be when the solidity and 
superficial content thereof are represented by the same number ? 

Ans. 6. 

5. The diameter of a Winchester bushel is 18*5 inches, and 
its depth 8 inches; what must the diameter of that bushel be 
whose depth is 7*5 inches ? 

mu ^T K .o iQ ^ 18*5 v/8 18*5 X 60 -^ -^_ 
Thus, v^7*5 : v^8 : : 185 — ^1 « ^7^ — =» 191067 

inches. Ans. 

6. How many 3 inch cubes can be cut out of a 12 inch cube ? 

Ans. 64. 

7. How many cubical inches in a block of marble 7} feet in 
length, 2} in width, and 9 inches in depth ? 

8. If a piece of land be 40 chains in length, and 35 in breadth, 
how many acres does it contain ? Ans. 140. 

9. How much, in length that is 8 inches wide, will be equal to 
a square foot ? Ans. 18 inches. 

10. The diameter of a circle is 25 rods; required the length 
of a stone wall that will enclose it. Ans. 78*54 rods. 

11. How many m^n may stand on an acre of land, allowing 
12 square feet to each ? Ans. 3630 men. 

12. The diameter of a globe is 18 inches ; what is its solidity? 

Ans. 1*76715 cubic feet. 

13. What is the solidity of a cylinder whose length is 42 feet, 
and diameter 17 inches? Ans. 66 -2 -f cubic feet. 

184 
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14. How many solid yards of earth must be removed to make 
a cellar 548 feet long^ 27 feet wide, and 6 feet deep ? 

Ans. 288 solid yards. 

15. How many pieces i of an inch square are contained in a 
circular piece oi plank 6 inches in diameter, and 1^ inches thick? 

Ans. 2714+ pieces. 

16. The area of an equilateral triangle is 24 acres ; what is 
the length of its sides ? Ans. 23*5426 chains. 

17. How many feet in a pile of wood 18 feet in length, ^ ^^^et 
in width, and 7*5 feet in depth ? 

18. If the area of a circle be 184*125, what is the side Of a 
square equal in area? ^184*125 » 18*569+ Ans. 

19. If the area of a triangle.be 160, what is the side of a 
square equal in area? ^160 ■» 12*649+. Ans. 

20. If it be required to place 2016 men so that there may be 
56 in rank, and 36 in file, and to stand 4 feet distance in rank 
and file, how much ground will they stand on ? 

Note. — ^To solve the above question, or any of them, use the 
following proportion : 

As 1,, or unity (:) is to the distance (: :) so is the number in rank 
less by one (:) to a fourth number. 

Next, do the same by the file, and multiply the two numbers 
together found by the above proportion, and the product will be 
the answer. 

Thus, as 1 : 4 : : 56 — 1 : 220 ; and as 1 : 4 : : 36 — 1 : 140? 
then 220 x 140 » 30800 square feet. Ans. 

The above rule will be useful in planting trees, having the 
distance between each given. 

21. It is required to set out an orchard of 600 trees, so that 
the length shall be to the breadth, as 3 to 2 ; and the distance 
of each tree from the other 7 yards, or 21 feet ; how many trees 
must it be in length, and how many in breadth ; and how many 
square yards of ground do they stand on ? ^ 

RtJLE. — To solve any question similar to the preceding, say 
as the ratio in length (:) is to the ratio in breadth (: :) so is the 
number of trees (:) to a fourth number, whose square root is the 
number in breadth. And as the ratio in breadth (:) is to the ratia 
in length (: :) so is the number of trees to a fourth whose square 
root is the nuniber in length. 

Thus, as 3 : 2 : : 600 : 400, and v^400 =» 20 — number in 
breadth. 

As 2 : 3 : : 600 : 900; and v^900 » 30 » number in 
length. 
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Then, as 1 : 7 : : 30 — 1 : 203, and as 1 : 7 : : 20 — 1 : 133. 
And 203 x 133 « 26999 square yards. Ans. (20 x 30 » 
600 trees.) 

22. If a ballet 6 inches in diameter weigh 32 pounds, what 
will a ballet of the same metal weigh whose diameter is 3 inches? 

6» = 216 : 3» =27 : as 216 : 32 : : 27 : 4 lbs. Ans. 

23. If a globe of silrer of 3 inches diameter be worth $45, 
what is the value of another globe of a foot diameter ? 

Ans. 2880 dollars. 

24. There is an island 50 miles in circumference, and 3 men 
start together to travel the same way around it ; A goes 7 miles 
per day; B 8; and C 9; when will they all come together 
again ; and how far will each travel f 

Ans. 50 X 7 + 50x8 + 50x9 -5-7 + 8 + 9=: 50 days. 
Ans. A 350 ; B 400 ; C 450 miles; all will meet. 

25. A line 35 yards long, will exactly reach from the top of a 
fort, standing on the brink of a river, known to be 27 yards 
broad to the opposite bank ; required the height of the wall. 

Ans. 22 yards, 7} inches, nearly. 

26. Being about to plant 5229 trees equally distant in rows, 
the length of the grove is to be three tim^s the breadth, how 
many of the shorter rows will there be ? 

One-third of the trees are to form an exact square ; the side 
whereof being 42, shows how many come into a short row. 

27. Required the length of a shore, the bottom of which being 
set 9 feet from the perpendicular side of a house, will support a 
weak place in the wall 22 i feet from the ground. 

Ans. 24 ft. 2f in. 

28. light passes from the sun to the earth in 8*2 minutes; in 
what time would it pass from the sun to Herschel, it being 
1803930416-66 miles? 

As the earth's distance from the sun is 94772980 : 8*2 : : 
1803930416-66 : 2 h. 36 m. 4" 50'". Ans. 

29. Allowing the density of the moon to be 464, and that of 
the earth 392-5, required the proportion between the quantity in 
the earth and in that of the moon, allowing the earth's diameter 
to be 7964*12, and that of the inoon 2180 miles, and supposing 
the earth a perfect sphere, (which however it is not.) 

796412 X 796412 x 7964*12 x 392-5 .^ ^^ ,. 

2180 X 2180 X 2180 x 464 ^ ^^'^ **^^ *^ 
quantity of matter in the earth that there is in the moon ; or. 
the weight of the earth is so many times that of the moon. 

30. The mean diameter of the earth's orbit, (or annual path 
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round the son) sappoaing it a ciide, is in miles 190437141*7$ 
required its mean motion (or the space which it moves through 
in its orbit) per minute. 

ThuS; 190437141*7 X 3-1416 » 598277324*86 nules in cir- 
cumrerence 

Then as days, 865-26 ; 598277324-86 : : 1' : 1187-49 miles. 
Answer. 

The decimal motion of the earth on its axis, is 17-25 miles per 
minute at the equator. 

31. Required the axis of a globe whose solidity may be just 
equal to the area of its surface. 

-7854 X 4 -3- -5286 «» 6 inehes. Ans. 

82. I have a square stick of timber 18 inches by 14, but one 
containing one-third part of the timber will answer the purpose, 
how wide will it be ? 

s 5-8 =10} inches. Ans. 

o 

33. A lent B a solid stack of hay, measuring 20 feet every 
way ; subsequently B returned a quantity, measuring 10 feet ; 
what proportion of the hay remains due ? 

20» — 10» « 7000 feet » J. Ans. 

84. A ship's hold is 75-5 feet long, 18*5 wide, and 7i deep; 
how many bales of goods 3*5 feet long, 2-25 deep, and 2-75 wide, 
may be placed thereia, leaving a gangway the whole length ot 
3-25 feet wide ? 

^ 75-5 X 18-5 X 7-25 - 75-5 x 7-25 x 3-25 ^^-^ 

Thus, 5-H — jToc — Ks^ ' = 385-44 

' 3-5 X 2-25 X 2-75 

bales. Ans. 

35. I would have a enbic box made, capable of securing just 
50 bushels, the bushel containing 2150-425 solid inches ; what 
will be the length of the side ? 

V2150-425 X 50 » 47-55 inches. Ans. 

36. If a circular pillar 9 inches in diameter contain 5 feet, re- 
quired the diameter of a column of equal length, which measures 
10 times as much. 

Thus, 5 : 9 x9 : : 5 X 10 : 8X0; and ^810 « 28*46 inches. 
Answer. 

37. In a pile of stone 20 feet in lenffth, 8-5 feet in width, and 
4*25 feet in height, how many perches r 

Ans. 29*191+ perches. 

38. Required the number of bushels of charcoal in a box 15*5 
feet in length, 3*5 feet in width, and 3 feet in height. 

Ans. 100 bush. 4 qts. 
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89. Eequired the number of cubical feet in a stick of 80 feet 
in length, 1*5 feet in width, and i foot in depth. 

Ans. 22*5 feet. 

40. A cellar contains 1728 cubical feet, its length is 16 feet, 
and breadth 12 feet ; reouired the depth. Ans. 9 feet. 

41. Required the number of bushels of potatoes in a bin 6 feet 
in length, 4*5 feet in width, and 5-75 feet in depth. 

Ans. 105'0555 «= 105 bushels 1 pint. 

42. K a vessel contains 8600 cubical feet of wood upon her 
deck, and is 80 feet in length and 20 feet in width, required the 
height of the wood. Ans. 6 feet 

48. In 221184 solid inches, how many cords ? 

44. How many culbical inches> and cubical feet, in a stick of 
timber 6 inches square and 4 feet in length ? 

45. Bequired the number of cubical yards in digging a canai 
1 mile in length, 20 feet in width, and 6 feet in depth ; and 
what the digging will cost at 6 cents per yard. 

Ans. 28466f yards ; cost, $1408. 

46. A man payed a court 157 feet by 12 feet, at 8 cents per 
square yard ; how many square yards did he pave, and how much 
did he receive ? Ans* 209i sq. yds. ; amount, $6*25. 

47. How many solid and square feet are contained in a stick 
of timber 70 feet in length, 15 inches in depth, and 18 inches in 
width ? Ans. 131*25 cubic feet =» 1575 square feet. 

48. Required the content of a plank 80 feet inf length, 22 
inches in width, and 2 inches in thickness. Ans. 110 ft. 

49. Required the quantity and value of a load of charcoal 16 
feet in length, 8} feet in width, and 4 feet in height, at 10 cents 
per bushel. Ans. 151*57 + •15*157 value. 

50. How many feet in a board 18 feet in length, and 16 
inches in width ? Ans. 24 feet. 

51. Required the number of books that are 7 inches in length, 
4*5 inbhes in width, and 5 inches in thickness, to fill a trunk 
that measures 85 inches in letisth, 18 inches wide, and 15 inches 
deep. Ans. 600. 

52. How many tons of timber in two sticks, each 80 feet long, 
20 inches wide, and 12 inches thick ? 

53. How much will a marble slab cost that is 7 feet 4 inches 
long, 1 foot 8 inches wide, at $1 per foot ? 

Ans. 9-16f. 

54. The cubic inch of common glass weighs about 1*86 ounoes 
troy ; salt water *5427 ounces ; brandy *48927 ounces. A sea- 
man has a gallon of brandy in a bottle, which weighs 4} pounds 
troy, out of water, and to conceal it, throws it overboard into salt 
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water ; will it sink or swim, and by how much is it heavier or 
lighter than the same bulk of salt water ? 



Thus, 4i pounds m 54 ounces a weight of bottle 

89*7059 cubic inches in bottle. 
281 in brandy. 



54 
1-86 



270-7059 » in both. 

Then 2707059 x '5427 — 146-912 oz. » weight of salt water 
occupied by the bottle and brandy. 

And -48927 (-» weight of a cubic inch of brandy) x 281 « 
118-02 + oz. ; and 118-02 + 54 » 167-02 oz. ^ weight of the 
bottle and brandy. 

From this, take the weight of salt water, 146-192 oz. Ans. 

Supposing the bottle full, it is 20-11 ounces heavier than the 
same bulk of salt water, and consequently will sink. 

55. Purchased a box of window glass, containing 256 panes 
of glass 8 by 10 inches ; required the number of square feet, and 
the cost at 5 cents per foot. 

10 X 8 » 80 in. ; 256 x 80 » 20480 -^ 144 » 142-22 square 
feet; $71110. Ans. 

56. Bought a box of window glass containing 820 square feet 
of glass 10 by 12 ; how many panes ? Ans. 884. 

57. Required the length of a stone wall that will enclose a 
circle whose diameter is 25 rods. Ans. 78-54 rods. 

58. K a piece of land be 40 chains in length, and 35 in 
breadth, how many acres does it contain ? Ans. 140. 

59. How many bushels of grain will a cubical box contain 
whose side is 4} feet? Ans. 78-2247 bushels. 
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